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THE  SCALES  OF  THE  AFRICAN  CHARACIXID  FISHES. 

By  T.  D.  a.  COCKERELL 
University  of  Colorado,  Boulder,  Colo. 

(With  Two  Plates) 

As  primitive  relatives  of  the  Cyprinidse,  confined  to  the  Neotropical 
and  Ethiopian  regions,  the  Characinidae  (or  Characidae)  are  of  more 
than  usual  interest  to  students  of  the  evolution  of  fishes.  After 
having  spent  much  time  in  the  investigation  of  the  scales  of  the 
Cyprinids,  I  was  very  anxious  to  see  those  of  the  Characinids,  and 
the  opportunity  was  offered  during  a  recent  visit  to  the  British  Mu- 
seum. For  all  the  material  used  in  the  preparation  of  the  present 
paper  I  am  indebted  to  the  kindness  of  Dr.  G.  A.  Boulenger,  who 
has  in  his  custody  at  the  British  Museum  a  truly  wonderful  col- 
lection of  African  freshwater  fishes,  as  every  ichthyologist  knows. 
It  was  an  extraordinary  privilege  to  have  access  to  these  rich  mate- 
rials, which  had  been  gathered  with  so  much  difficulty  and  sometimes 
danger,  and  had  formed  the  basis  of  classical  researches. 

The  sculpture  of  an  ordinary  fish-scale  includes  two  important 
elements,  the  circuli  and  the  radii.  The  circuli  are  circular  lines^ 
sometimes  referred  to  as  **lines  of  growth,"  while  the  radii  are 
lines  or  grooves  radiating  outward  from  the  nuclear  area,  which 
may  or  may  not  be  in  the  center  of  the  scale,  but  is  practically 
always  in  the  middle  line.  The  most  primitive  fish  with  scales 
resembling  those  of  the  Teleosts  is  Amia  calva,  and  through  the 
kindness  of  Dr.  B.  W.  Evermann  I  have  been  able  to  examine  speci- 
mens of  this  fish  from  the  Yellow  River  at  Plymouth,  Indiana. 
There  are  no  radii,  but  the  scales  are  made  up  of  longitudinal  strands 
which  are  really  separable  elements,  and  will  fray  out  basally.  These 
appear  on  the  scale  as  very  fine  strise  which  in  the  apical  field  are 
directed  toward  a  broad  rugulose  nuclear  area.  There  is  no  doubt, 
I  think,  that  these  are  the  circuli  of  the  Teleosts,  and  indeed  they  are 
nearly  repeated  in  various  forms,  though  I  know  no  scale  which  as 
a  whole  can  be  said  to  closely  resemble  that  of  Amia}    This  view 


*  I  placed  a  scale  of  Polypterus  endlicheri  (from  the  White  Nile)  in  acid  ta 
ascertain  the  structure  of  the  organic  hasis.  which  proved  to  be  rather  scanty 
and  of  a  sponge-like  consistency. 
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s  the  probability  that  the  Telcosts  with  veiy  fine  and  dense 

ct^citE  (t.  g.,  the  majority  of  the  Old  World  Cyprinids)  are  so  far 

ttiere  primitive  than  those  in  which  the  drculi  are  fewer  it.  g.,  the 

'-.JfJew  World  Cyprinids,  but  not  the  Catostomids) ,  as  had  already 

.  Iteen  assumed  on  other  grounds. 

The  radii,  according  to  this  theory,  are  of  secondare-  origin.     In 

some  cases  they  may  lose  their  radial  arrangement,  and  more  or  less 

simulate  circuli.    This  is  seen  in  Ahsa  sapidissima  Wilson  (fig.  i), 

the  drculi  of  which  are  extremely  fine  and  delicate,  while  the  radii 

of  the  basal  field  actually  take  the  form  of  widely  spaced  transverse, 

almost  concentric  lines,     fn  some  of  the 

scales  (the  larger  and  broader  ones)  this 

development  is  so  ctxnplete  as  to  conceal 

its  origin,  but  in  other  scales  on  the  same 

fish  the  various  transitional  states  can  be 

perceived. 

On  the  other  hand  the  circuli  may  also 

become  transverse,  losing  the  appearance 

of  concentric  lines.     This   is  exceUently 

shown    in    Scomber    chrysozonus,    from 

Massauah   (pi,   l,  fig.   i)  ;  that  the  lines 

Fic  I.  Aloia  iapidusima     really  are  circuli  is  proved  by  the  scale  of 

WiUon  -ScombeT    fmeumatophoms    (Table    Bay, 

D««.  br  Mi- E.  V.Moore        ^.^^  ^^  q^^  Hope),   (pi.   I,  fig.  2),  in 

which  they  are  still  obviously  circuli. 

The  African  Charadnidx  have  scales  of  two  main  types,  which 
seem  to  be  wholly  distinct  The  first,  including  the  Hydrocyoninae 
and  Citharinin%,  may  be  called  the  Cyprinoid  type,  showing  a  dis- 
tinct— often  strong — resemblance  to  the  scales  of  the  Cyprinidae.  In 
this  type  the  nuclear  area  is  central,  or  nearly  so,  and  the  scales  are 
usually  cycloid,  rarely  ctenoid,  and  when  so  not  at  all  like  the  ctenoid 
scales  of  the  other  group. 

The  second  or  ctenoid  group  proper  includes  the  Ichthyoborinae 
and  Disttchodontinse,  which  cannot  be  separated  on  the  squamation. 
In  this  series  the  apical  teeth  are  very  regular  and  ntanerous,  united 
laterally,  and  the  nuclear  area  is  almost  at  the  apex,  the  base  being 
thrown  more  or  less  into  folds.  This  basal  folding  appears  to  lead 
to  the  very  distinctive  system  of  basal  radii  found  in  the  Acan- 
thopterygian  and  allied  fishes;  e.  g.,  in  Tilapia  nihtica  (Cichlidae), 
(pi.  I,  fig.  3),  Apomotis  cyanellus  (Centrarchidas),  Cyprinodon 
fasciatus    (Cyprtnodontidx),    and    Anabas    munii    (Anabantida:), 
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This  type  of  basal  radii  thus  runs  through  the  Haplomi,  Acan- 
thopterygii  and  Percesoces;  yet  it  is  wholly  absent  in  the  Scom- 
brids,  so  far  as  I  know,  and  Gadus  {cf.  H.  W.  Marett  Tims,  Quart. 
Journ.  Micr.  Science,  Oct.,  1905)  shows  nothing  of  it.  (The  scale 
of  Gadus  is  curiously  like  that  of  Catostomus.)  The  ctenoid  features 
found  in  Anabas  seem  to  be  traceable  to  a  Berycid  source.  It  is  evi- 
dent, of  course,  that  no  Acanthopterygian  fish  can  be  derived  from 
any  Characinid  stock,  but  it  is  suggested  that  the  basal  folding  was 
developed  among  the  Malacopterygians  {Alosa  shows  it  sufficiently 
well)  and  carried  thence  to  the  Characinid  and  Acanthopterygian 
(or  Haplomid)  ancestors. 

I  hope  in  some  later  contribution  to  compare  the  South  American 
Characinid  scales  with  the  African.  At  present  I  cannot  do  this 
for  lack  of  material, 
but  the  little  I  know 
suggests  that  there 
may  be  little  resem- 
blance between  them. 
(Figure  2  (drawn  by 
Miss  Evelyn  V. 
Moore)  shows  the 
scale  of  Cheirodon 
insignis  Steindachner 
from  Panama ;  this 
fish  IS  placed  by  Bou- 
lenger  in  the  Hydro- 
cyoninae,  but  it  will  be  seen  that  there  is  no  resemblance  to  the  scales 
of  any  of  the  African  members  of  that  subfamily.  The  scale  of 
Luciocharax  is  quite  unlike  anything  African,  but  this  belongs  to  an 
exclusively  American  subfamily  (Xiphostominas). 

For  the  means  of  obtaining  the  photographic  figures  (the  work 
of  Mr.  T.  C.  Black,  of  Boulder,  Colorado)  I  am  indebted  to  a  grant 
from  the  American  Association  for  the  Advancement  of  Science. 
It  may  be  worth  while  to  state  that  in  order  to  get  good  photographs 
the  scales  must  be  mounted  dry.  When  placed  in  balsam  many  of 
the  characters  are  obscured. 


Fig.  2.  Cheirodon  insignis  Steindachner 


HYDROCYONIN^ 

The  scales  of  the  African  Hydrocyoninae  fall  naturally  into  three  groups : 
(i)  Sarcodaces  group,  in  which  the  approximately  circular  scales  have  fine  and 
rather  numerous  radii,  and  the  circular  sculpture  is  very  distinct,  the 
apical  circuli  very  coarse  and  quite  different  from  the  basal  and  lateral. 
S.  odoe  examined. 
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(2)  Alcstes  group,  including  Alcstcs,  Micralcstcs,  and  Pctcrsius,  in  which  the 
radii  are  few  but  very  strong,  the  sculpture  is  often  weak  in  the  apical 
region,  and  the  scales  are  frequently  much  broader  than  long. 

{3)  Hydrocyon  group,  in  which  the  apical  field  is  mure  or  less  rugose,  and  the 
radii  are  evanescent,  the  basal  radii  usually  absent.  The  dorsal  scales 
of  Hydrocyon  show  numerous  but  very  weak  apical  radii,  which  pro- 
duce some  crenulation  of  the  very  thin  margin,  indicating  a  slight 
approach  to  a  ctenoid  condition.    H.  forskalii  examined. 

It  appears  probable  that  Sarcodaccs  odoc  (River  Bcnue.  north  of  Ibi,  H.  L. 
N.  Traill)  has  the  more  primitive  type  of  scale.  Hydrocyon  forskalii  (River 
Nile)  can  be  derived  from  this  by  the  general  weakening  of  all  the  structures; 
while  the  Alcstcs  group  represents  a  reduction  of  the  radial  sj'stem,  with  a 
much  stronger  development  of  what  remains.  Thus  three  fairly  distinct  tribes 
would  appear  to  be  indicated :  Sarcodacini,  Alestini,  and  Hydrocyonini,  their 
typical  genera  Sarcodaces,  Alcstcs,  and  Hydrocyon  respectively.  The  term 
Hydrocyonini  was  used  by  Bonaparte  as  early  as  1838  (Nuovi  Annali  delle 
Sci.  Xat.  2,  p.  132).    Bryconccthiops  I  have  not  seen. 

Alestes 

Group  A.  Scales  very  large,  the  transverse  diameter  over  15  mm. 

(i)   Scales  very  much  broader  than  long. 
Alcstes  tccniurus  Giinthcr.     Kribi  River,  Cameroon  (C7.  L.  Bates). 

Scale  about  10.5  mm.  long  and  16.5  broad;  basal  radii  about   12;   discal 

region  divided  into  many  polygonal  areas. 
(2)   Scales  not  much  broader  than  long. 
Alcstes  rhodo pleura  Boulengcr.  Mtondwe  Bay,  Lake  Tanganyika  {Cunnington) , 
Scale  about  18  mm.  long  and  21  broad;  basal  radii  two:  lateral  radii  twa 
on  each  side,  more  or  less  inclined  to  be  divided  or  delta-like  mar- 
ginally; apical  radii  few  and  quite  irregular;  apical  region  rugose; 
circuli  of  basal  region  extremely  fine. 
Alcstes   macrolepidotus   Cuvier   and   Valenciennes.     River    Xile.      Structure 
essentially  as  in  A.  rhodoplcura;  rugosity  of  apical  region,  resulting 
from  modified  circuli,  very  pronounced.    The  discal  region  may  be 
reticulate. 

Group  B.  Scales  smaller,  the  transverse  diameter  much  less  than  15  mm. 

Owing  to  individual  variation  and  the  small  amount  of  material  available 
it  is  impossible  to  determine  the  precise  specific  characters  in  this 
group.  Some  of  the  species  probably  cannot  be  separated  on  the 
scales.  In  no  case  are  the  scales  of  the  verv  broad  tceniurus  tvpe. 
(l)  Comparatively  large  reddish  scales,  with  the  apical  rugosity  poorly 
developed. 
Alcstes  macro phthalmtis  Giinther.     Lake  Tanganyika  (/.  E.  S.  Moore). 

Radii  very  few  and  feeble,  in  the  single  scale  examined  there  is  only  one 
basal ;  scale  about  7.5  mm.  long  and  9  broad. 
Alcstes  liebrechtsii  Boulenger.     Coquilhatville,  Upper  Congo  (Delhes). 

Radii  more  numerous,  about  six  basal,  but  two  of  these  incomplete ;  discal 
region  with  some  polygonal  areas :  scale  about  8.5  mm.  loni?  and 
10.5  broad.  The  characters  separating  these  two  arc  doubtless 
variable. 
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(^)  Rather  large  white  scales,  with  the  apical  circuli  forming  conspicuous 
strong  ridges;  the  basal  circuli,  as  usual,  very  fine. 
Alestes  aMnis  Giinther.    Wabbi  System  (O.  Neumann). 

Only  one  basal  radius ;  apical  region  with  the  radii  branching  and  anasto- 
mosing quite  irregularly,  all  very  strong ;  scale  about  7  mm.  long  and 
8  broad. 
AliStes  imberi  Peters.    Lake  Nyassa  (Capt.  B.  L.  Rhoadcs). 

Thinner  scales  than  those  of  A.  aMnis;  basal  radii  three;  apical  region 
quite  as  in  A.  aMnis.    Scale  about  as  broad  as  long. 

(3)  Rather  small  (6  to  7  mm.  diameter)  whitish  scales  of  a  rather  broad 

type,  having  the  outline  of  a  little  more  than  a  half  circle;  apical 
sculpture  feeble ;  basal  radii  three  or  four.  There  is  no  sign  of  the 
apical  structure  described  under  A.  aMnis.  These  scales  are  certiinly 
nearer  to  the  macrophthalmus  group  than  to  the  aMuis  group. 

Alestes    (Brachyalestcs)     longipinnis    Steindachner.      Sctte    Cama,    Gaboon 
(Gerrard). 

Alestes  chaperi  Sauvage.    Kotchwah  River  {R.  B.  N.  Walker). 

These  two  were  united  by  Giinther,  and  certainTy* there  is  no  difference  in 
the  scales. 

(4)  Small  scales  about  6  mm.   diameter  or   less,   without  very   marked 

characters. 
Alestes  sadleri  Boulenger.    Entebbe,  Lake  Victoria  (Degen). 

Polygonal  areas  present  or  absent;  apical  circuli  rather  strong. 
Alestes  lateralis  Boulenger.    Kafue  River,  Upper  Zambesi  (T.  Codrington). 

Scale  small,  but  not  from  a  fully-grown  fish.    Only  one  basal  radius. 
Alestes  intermedins  Boulenger.    Kribi  River,  Cameroon  (G.  L.  Bates). 

Scale  rather  broad,  with   five  basal  radii;  apical   sculpture  very   feeble; 
lateral  circuli,  especially  in  the  subdiscal  region,  much  less  dense 
than  usual,  and  minutely  wavy  or  zigzag. 
Alestes  nurse  Riippel.    River  Nile. 

Basal  radii  variable  up  to  about  six;  polygonal  areas  present  or  absent. 
Alestes  baremose  Joannis.    River  Nile. 

Basal  radii  one  or  two ;  polygonal  areas  not  observed ;  scale  in  general 
similar  to  that  of  A.  nurse,  but  differing  in  important  details,  as 
shown  below. 
The  scales  described  above  were  all  taken  from  the  vicinity  of  the  lateral 
line,  about  the  level  of  the  beginning  of  the  dorsal  fin.    The  following  notes 
describe  the  variation  observed  on  the  different  parts  of  the  fish. 
Alestes  tnacrolepidotus.    This  species  is  remarkable  for  the  very  large  scales, 
and  the  posterior  situation  of  the  first  dorsal  fin.    The  borders  of  the 
scales  are  beautifully  purplish-iridescent,  but  the  fish  is  not  silvery 
like  A.   nurse  and   baremose.     The   coarse   apical   circuli   become 
entirely   longitudinal,    suggesting    the    corresponding    structures    in 
Amia  calva,  in  which  the  progenitors  of  the  circuli  are  longitudinal 
strands.    The  apical  radii  largely  anastomose  transversely,  resulting 
in  the  formation  of  very  irregular  transverse  markings,  few  in  num- 
bcr»    In  the  ventral  region  the  sculpture  is  more  profuse,  and  the 
apical  field  develops  a  sort  of  cancellation,  in  which  the  longitudinal 
lines  appear  to  represent  modified  circuli,  and  the  transverse  modi- 
fied radii.    The  anterior  dorsal  scales  are  again  quite  different,  with 
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a  curiously  ^mw-like  sculpture,  composed  almost  altogether  of  ele- 
ments representing  the  circuli,  but  consisting  of  coarse  longitudinal 
striae  or  strands,  which  are,  however,  continuous  with  the  usual 
extremely  fine  and  regular  circuli  of  the  concealed  portion  of  the 
scales,  the  latter  having  about  three  strong  basal  radii  and  one  on 
each  side. 

AJestes  nurse.  Very  similar  in  appearance  to  A.  baremose,  but  deeper-bodied. 
The  strong  apical  circuli  arc  mainly  longitudinal,  meeting  at  an  acute 
angle  in  the  middle  line.  The  apical  radii  often  have  transverse 
branches,  more  or  less  in  the  manner  of  ,a  spreading  tree ;  usually 
there  is  a  single  apical  radius,  with  branches  leaving  at  right  angles, 
but  in  the  dorsal  and  ventral  regions  there  are  more. 

Alestes  baremose.  The  sculpture,  on  close  comparison,  is  really  very  distinct 
from  that  of  ^.  nwr^^.  The  apical  circuli,  instead  of  forming  regular 
grooves,  are  evanescent,  reduced  to  a  fine  rugosity;  the  apical  field  is 
sparsely  punctate;  the  one  to  three  apical  radii  are  usually  incom- 
plete, and  show  no  lateral  branches.  The  ventral  and  dorsal  scales 
show  many  thin,  weak,  parallel  apical  radii. 

Alestes  opisthotcenia  Boulenger,  from  Efulen,  Cameroon  {G.  L.  Bates)  has 
rather  large  (about  8  mm.  long  and  10  broad)  white  scales,  resemb- 
ling those  of  the  aMnis  group ;  with  four  basal  radii,  discal  polygonal 
areas,  and  coarse  apical  circuli.  The  interesting  feature  of  the  scale 
is,  however,  that  it  is  subctenoid,  with  small  but  very  evident  apical 
denticulations.  The  teeth  are  broader  than  long,  and  indicate  the 
beginning  of  such  structures  as  are  found,  much  better  developed 
and  much  reduced  in  number,  in  Citharidium  ansorgii.  The  ctenoid 
scales  of  Distichodus.  Xenocharax,  etc.,  are  entirely  different.  There 
are  slight  indications  of  apical  denticulation  in  some  other  Alestes, 
as  A.  rhodopleura  and  A,  imberi. 

MiCRALESTES 

The  scales  of  this  genus  cannot  be  distinguished  from  those  of  Alestes;  that 
is  to  say,  there  is  no  generic  difference,  though  specific  distinctions  may  be 
found  to  separate  any  particular  species  of  Micralestes  from  any  particular 
Alestes.    The  scales  are  always  conspicuously  broader  than  long. 

Group  A.  Apical  circuli  strong,  coarse,  and  complete,  those  of  the  two  sides 

meeting  at  an  obtuse  angle. 
Micralestes  holargyreus  Gunther.    Boma  (Delhes). 

Scale  3.5  mm.  long,  5.33  broad;  six  radii,  all  strong  and  complete,  one 

apical,  one  basal,  and  two  on  each  side;  no  polygonal  areas.     In 

Alestes  it  comes  near  to  A.  longipinnis,  but  it  is  a  shorter  scale,  with 

much  better  developed  apical  sculpture. 

Group  B.  Apical  sculpture  feeble,  the  circuli  ill-defined,  although  the  basal 
circuli  are  very  distinct. 

Micralestes  altus  Boulenger.    Lindi,  Congo  (Brussels  Museum). 

Scale  about  5  mm.  long  and  7  broad;  basal  circuli  much  denser  than 
lateral ;  three  basal  radii,  one  apical,  one  or  two  on  each  side ;  no 
polygonal  areas.  (These  characters  will  vary;  I  doubt  whether  there 
is  any  constant  difference  in  the  radii  between  the  si)ecies  of  Micra-- 
lestes. ) 
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Micralestes  humilis  Boiilenger.    Ja  River,  S.  Cameroon  {G,  L.  Bates), 

Scale  about  4  mm.  long  and  5.33  broad;  structure  as  in  the  last    Basal 
radii  one  to  six;  apical  one  to  two;  polygonal  areas  present  or 
absent. 
Micralestes  interruptus  Boulenger.    Stanley  Pool.  Congo  Free  State. 

Scale  small,  only  about  3.33  mm.  wide;  structure  as  in  the  others,  but 
basal  circuli  less  dense.    Five  basal  and  three  apical  radii;  polygo- 
nal areas  present. 
None  of  the  Micralestes  show  any  branching  of  the  apical  radii. 

Petersius 

The  scales  of  Peter sius  are  quite  as  in  Micralestes,  having  the  same  broad 
form,  with  few  radii,  the  apical  never  branching. 

Group  A.  Scale  relatively  large,  about  6  mm.  long  and  9  broad ;  apical  sculp- 
ture very  feeble. 
Petersius  major  Boulenger.    Nyong  River,  Cameroon  (G.  L,  Bates.) 
Basal  radii  four,  apical  two. 

Group  B.  Scale  smaller,  diameter  about  5  mm.  or  rather  less.    Apical  circuli 

better  developed. 
Petersius  occidenialis  Giinther.    Infoan  (JValkcr). 

Basal  radii  about  four,  variable;  sides  of  scale  Hatter  than  in  the  next. 
Petersius  hilgendorH  Boulenger.    Kutu,  Ivakc  Leopold  II  (Delhcz). 

The  scale  examined  has  only  four  radii,  one  basal.    Its  outline  is  that  of 
a  half  circle. 
Petersius  caudalis  Boulenger.    Boma  (Delhes), 

Basal  radii  two  or  three;  small  polygonal  areas  sometimes  developed. 
The  smallest  of  the  Petersius  scales. 

CITHARININ-^ 

Herbivorous  fishes,  with  the  teeth  minute  or  absent  Gill  (Proc.  U.  S.  Nat 
Mus.  18,  p.  207)  suggests  that  this  group  should  perhaps  constitute  a  distinct 
family,  Citharinidae.  The  scales  are  subcircular  to  transversely  oval,  without 
basal  radii,  wherein  they  differ  from  the  African  Hydrocyoninae,  excepting 
Hydrocyon. 

The  following  table  separates  the  scales  of  the  species  studied : 

Scales  ctenoid,  with  large,  sharp  apical  teeth,  but  these  few  and  far  apart, 
wholly  unlike  those  of  Distichodus,  etc. ;  nuclear  area  nearly  central, 
and  with, circuli  to  middle;  circuli  very  stronj?.  only  moderately 
dense;  scales  about  2.33mm.  long  and  3.67  broad. . 

.  .Citharidium  ansorgii  Boulenger, 
Lake  Oguta,  Nigeria  (Ansorge), 

Scales  cycloid i 

I.  Apical  area  with   fewer  and  coarser   circuli,   abruptly   marked  off   from 

lateral  3 

Apical  area  not,  or  not  very  abruptly,  marked  off  from  lateral 4 
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2.  Broad  scale  with  very  many  apical  radii;  nuclear  area  granular;   scale 

about  7  mm.  long  and   10  broad,  the  largest  of  the  Citharinine 

scales Citharinus  gibbosus  Boulenger.    Niamkolo, 

Lake  Tanganyika  (Cunnington) . 

Rounder   scales,   with   fewer   apical    radii;   nuclear   area   with   circuli   to 

middle  3 

3.  Scale  larger,  nearly  6  mm.  long,  about  7  broad;  character  of  sculpture 

entirely  as  in  C.  gibbosus Citharinus  macrolepis  Boulenger. 

Boma,  Lower  Congo  (Delhex). 
Scale  smaller,  about  5  mm.  broad;  otherwise  practically  the  same. . 

.  .Citharinus  latus  Muller  and  TroscheL 

Beni  Souef  (Loat). 

4.  Nuclear  area  with  circuli  to  middle;  apical  area  with  very  large,  coarse 

circuli,  but  not  quite  abruptly  separated  from  lateral;  scales  small, 
a  little  over  3  mm.  wide. ..  .Citharinus  citharus  Geoffroy  (geoffroyi 

Cuvier).    White  Nile  (lake  near)   (Loat), 
Nuclear  area  broadly  granular  ;  apical  circuli  coarse  :  scale  4.33  mm.  broad. . 

. .Citharinus  congicus  Boulenger. 
Bolobo,  Congo    (Grenfell). 

The  above  key  is  not  wholly  satisfactory,  because  the  scales  of  Citharinus 
are  really  of  a  very  uniform  type,  without  very  obvious  specific  characters. 
Two  tribes  are  indicated:  Citharidiini  for  Citharidium,  and  Citharinini  for 
Citharinus. 

Boulenger  places  two  American  genera  in  this  subfamily,  but  Gill  separates 
them  as  Curimatinae.    I  have  not  seen  their  scales. 

Hydrocyon  forskalii  runs  in  the  above  table  near  Citharinus  congicus,  but 
the  resemblance  is  merely  superficial. 

ICHTHYOBORIN^ 

Carnivorous  forms  with  ctenoid  scales.  There  is  nothing  to  distinguish 
their  scales  from  those  of  the  Distichodontinae.  The  apical  teeth  are  numerous 
and  close  together,  having  little  in  common  with  those  of  Citharidium.  The 
species  examined  are: 

Phago  boulengeri  Schilthuis.    Monsembe,  Upper  Congo  (/.  H.  Weeks). 

The   scales   are   hard,   bone-like   plates   joined   together,   but   the   apical 
densely-set  spine-like  teeth  are  quite  as  in  the  other  forms. 
Eugnathichihys  cetvcldii  Boulenger.    Monsembe,  Upper  Congo  (/.  H.  Weeks). 
Small  subquadrate  scales,  with  the  nucleus  apical,  just  below  the  row  of 
teeth;  no  radii,  but  the  basal  region  is  broadly  plicate. 
Ichthyoborus  bessc  Joannis.     Fashoda  (Loat). 

Scales  practically  as  in  the  last. 
Neoborus  ornatus  Boulenger.    Monsembe,  Upper  Congo  (/.  H.  Weeks). 

Scales  also  as  in  Eugnathichihys,  except  that  the  apical  region  is  coarsely 
rugose. 

Paraphago  and  Mesohorus  have  not  been  examined. 


NO.  I  SCALES  OF  AFRICAN  FISHES — COCKERELL 


DISTICHODONTIN.^ 

Herbivorous  (or  partly  herbivorous)  fishes  with  ctenoid  scales,  which  re- 
semble those  of  the  Ichthyoborini.  The  fact  that  Eugnathichthys  and  Ichthyo- 
borus  have  quite  similar  scales,  and  the  absence  of  any  characteristic  difference 
between  the  scales  of  the  Ichthyoborine  and  Distichodontine  fishes,  show  that 
after  the  development  of  this  type  of  squamation  differentiation  took  other 
directions;  hence  the  scales  fail  to  afford  any  adequate  clue  to  the  minor  sub- 
divisions of  these  groups. 

In  some  Distichodus  (noiospilus,  sexfasciatus,  atroventralis,  engycephalus) 
the  subapical  (exposed)  part  of  the  scale  is  more  or  less  grooved  or  sub- 
reticulate,  but  otherwise  there  are  no  substantial  differences  between  the 
genera  and  species  examined,  which  are  as  follows: 

Nannocharax  fasciatus  Giinther.    Kribi  River,  Cameroon  (Bates). 
Nannocharax  niloticus  Joannis.    River  Nile. 

The  Nannocliarax  scales  are  the  smallest  of  the  series,  less  than  2  mm. 
broad.    This  accords  with  the  small  size  of  the  fishes. 
Neolebias  unifasciatus  Steindachner.    Ja  River,  Cameroon  (Bates), 

Scales  about  2.33  mm.  broad. 
Nannathiops  unitceniatus  Giinther.    Sette  Cama,  Gaboon  (Gerrard). 

Scales  about  4  mm.  broad;  basal  plication  very  strong.     The  scales  are 
longer  in  proportion  to  their  breadth  than  those  of  Neolebias. 
Xenocharax  spilurus  Giinther.    Ibali,  Lake  Leopold  II  (Delhes). 

Scales  about  4.25  mm.  long  and  5  broad. 
Distichodus  antonii  Schilthuis.    Monsembe,  Upper  Congo  (Weeks). 

In  tTiis  species  and  D.  atroventralis  the  scale  is  unusually  broad  in  pro- 
portion to  its  length. 
Distichodus  atroventralis  Boulenger.    Kutu,  Lake  Leopold  II  (Delhes). 

I  do  not  know  how  to  distinguish  the  scale  definitely  from  that  of  D, 
antonii. 
Distichodus  engycephalus  Giinther.    River  Nile  at  Cairo  (Loat). 

Scales  not  quite   5   mm.   long,   about  6  broad;    apical    (exposed)    area 
reticulate. 
Distichodus  fasciolatus  Boulenger.    Monsembe,  Upper  Congo  (Weeks). 

Scales  about  3  mm.  broad ;  nuclear  area  more  or  less  rugose. 
Distichodus  bretnpinnis  Giinther.    Fashoda,  White  Nile  (Loat). 

Scales  little  broader  than  long,  shaped  as  in  D.  niloticus,  but  larger. 
Distichodus  niloticus  Linnaeus.    Fashoda,  White  Nile  (Loaf). 
Distichodus  rostratus  Giinther.    Gondokoro,  White  Nile  (Loat). 

Scales  quite  as  in  D.  niloticus;  dermal  pigment-spots  also  the  same. 
Distichodus  lusosso   Schilthuis.     Banzyville,  Ubangi    (Capt.  Royaux). 

Scales  small,  less  than  3  mm.  diameter;  subapical  field  broadly  rugulose. 
Distichodus  mossambicus  Peters.     Loangwa  River,  N.  W.  Rhodesia   (S,  A, 
Neavc). 

Nuclear  area  very  broadly  rugulose;  a  subdorsal  scale  is  broader  in  pro- 
portion to  its  length  than  one  from  near  the  lateral  line. 
Distichodus  sexfasciatus  Boulenger.    Coquilhatville,  Upper  Congo  (Delhes). 

Scale  rather  broad ;  apical  field  with  radiating  grooves. 
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Distichodus  notospilus  Giinther.     Kribi   River,   Cameroon    {G.  L,  Bates) ; 
Komadekkei  Ogowe  (fV,  J.  Ansorge). 
The  Kribi  R.  specimen  has  the  largest  scales  I  have  seen  in  this  genus, 
about  8.5  mm.  long  and  10.5  broad. 

Judging  from  the  general  characters  of  the  fishes,  and  especially  perhaps 
from  the  development  of  the  maxillary,  we  may  infer  that  the  Hydrocyoninx, 
a  carnivorous  group,  have  given  rise  to  the  herbivorous  Citharininx.  Using 
similar  criteria,  however,  it  would  seem  that  the  herbivorous  Distichodontinse 
had  given  rise  to  the  carnivorous  Ichthyoborinae. 


EXPLANATION  OF  PLATES 

Plate  i. 

Fig.  I.  Scomber  chrysosonus.    Massauah.    British  Museum.    Gill  rakers  very 
long. 

Fig.  2.  Scomber  pneumatophorus.    Table  Bay,  Cape  of  Good  Hope.    =  colias 
=  japonicus.    British  Museum. 

Fic.  3.  TUapia  nilotica,    Birket  Karun,    Fayoum.    British  Museum. 

Fig.  4.  Alestes  sadleri.    Entebbe.    Lake  Victoria  (Degen).    British  Museum. 

Fig.  5.  Micralestes  holargyreus  Giinther.    Boma  (Delhez).    British  Museum. 

Fig. 6.  Petersius  caudalis.    Bpma  (Delhez).    British  Museum. 

Plate  2. 

Fig.  I.  Citharidium  ansorgii.    Lake  Oguta.     S.  Nigeria   (Ansorge).     British 
Museum. 

Fig.  2.  Citharinus  congicus.     Bololo.     Congo    (Grenfell).     British   Museum. 

Fig.  3.  Eugnathichthys   eetveldii   Blgr.     Monsembe.     Upper   Congo    (J.    H. 
Weeks).    British  Museum. 

Fig. 4.  Xenocharax  spilurus.     Ibali.     Lake   Leopold   II    (Delhez).     British 
Museum. 

"Fig.  S'  Distichodus  antonii.     Monsembe.     Upper   Congo    (Weeks).     British 
Museum. 

Fig.  6.  Distichodus   sexfasciatus,     Coquilhatville.     Upper    Congo    (Delhez). 
British  Museum. 

Fig.  7.  Distichodus  notospilus.    Komadekke.    Ogowe  (W.  J.  Ansorge).    Brit- 
ish Museum. 
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Mr.  John  Jay  White,  of  Washington,  D.  C,  has  presented  to  the 
United  States  National  Museum  a  number  of  large  mammals  col- 
lected by  himself  in  British  East  Africa  during  the  summer  of  1908. 
Several  of  the  specimens  are  of  special  interest,  and  the  collection 
as  a  whole  is  of  considerable  importance. 

On  MsLV  8,  1908,  in  company  with  Dr.  W.  S.  Rainsford,  Mr. 
White  left  Nairobi  for  Nakuru,  at  which  point  the  party  left  the 
railroad  on  the  following  day  and  traveled  northward,  by  way  of 
Ravine  Station,  to  Sirgoit  Rock,  where  they  arrived  May  21.  From 
this  date  until  the  first  of  July  the  time  was  spent  in  hunting  over 
the  Guas  Ngishu  Plateau.  July  8  they  arrived  at  Ravine  on  the 
return,  and  traveled  east  and  north  for  the  Laikipia  Plateau.  About 
six  weeks  were  spent  in  hunting  over  the  region  to  the  north  of 
Laikipia  Boma  and  Mount  Kenia,  and,  on  the  return  to  the  railroad, 
three  days — September  6  to  8 — were  devoted  to  the  game  on  the 
Elmenteita  Plains.  September  18  the  party  again  left  Nairobi,  and 
another  month  was  spent  on  the  Guas  Ngishu  Plateau. 

Mr.  White  has  furnished  some  interesting  information  about  many 
of  the  species.  The  substance  of  this  is  included,  throughout  the 
list,  after  the  technical  notes  on  the  specimens. 

GIRAFFA  CAMELOPARDALIS  ROTHSCHILDI  Lydekker 

Body  skin  and  mounted  head  of  an  adult  male  (No.  155438) 
from  the  Guas  Ngishu  Plateau,  June  22.  This  specimen  is  a  topo- 
type  and  therefore  of  special  value  to  the  Museum.  The  mizzen 
horns  are  only  slightly  developed  . 

This  animal  was  almost  a  record  specimen  for  the  form.  Meas- 
ured rather  hurriedly  in  the  rain,  without  the  front  legs  fully 
stretched,  it  exceeded  seventeen  and  a  half  feet  in  height.  The  dry 
skin  measured  twenty-one  and  one-half  feet  from  tip  of  nose  to  end 
of  tail,  and  exactly  the  same  distance  between  the  edges  of  the  fore 
hoofs  across  the  shoulders.    GiraflFes  were  found  to  be  fairly  plen- 
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tiful  on  the  Guas  Ngishu  Plateau,  and  herds  numbering  up  to  a 
dozen  or  fifteen  animals  were  frequently  seen.  One  herd  of  about 
seventy-five  was  noted,  but  this  group  later  divided,  about  twenty- 
five  animals  going  in  one  direction  and  the  remainder  in  another. 

BUBALIS  COKEI  (Gunther) 

Skull  and  skin  of  head  and  neck  of  a  large  male,  given  to  Mr. 
White  by  Dr.  W.  S.  Rainsford.  Probably  killed  on  Dr.  Rainsford's 
last  trip  to  the  Thika  River  region,  northeast  of  Nairobi,  in  Decem- 
ber, 1908. 

The  skull  is  a  remarkable  specimen  in  many  ways,  and  differs 
from  any  in  the  large  series  before  me  from  neighboring  regions 
to  the  north  and  south.  Compared  with  skulls  of  old  males  from 
Taveta,  Kapiti  Plains,  and  the  Guaso  Nyiro  River,  it  differs  in  its 
greater  length,  greater  breadth,  relatively  short  distance  from  ante- 
rior end  of  premaxilla  to  first  premolar,  wide  interpterygoid  space, 
and  small  teeth.  The  horns  are  massive,  wide  spreading,  and  the 
first  ascending  section  is  much  longer  than  in  any  other  specimen. 
The  terminal  section  is  short,  and  the  horn  is  therefore  divided  into 
almost  equal  thirds,  the  outward  ascending,  horizontal,  and  terminal 
parts  being  of  equal  length.  The  measurements  of  this  skull  (No. 
155430)  are:  Condylobasal  length,  410  millimeters;  palatal  length, 
235;  greatest  breadth,  142;  facial  length,  405;  muzzle  to  orbit,  302; 
upper  tooth  row,  88;  length  of  horns,  390;  circumference  at  base, 
254 ;  greatest  spread,  430 ;  spread  at  points,  395 ;  length  of  backward 
terminal  point,  120. 

These  animals  were  noted  by  Mr.  White  on  the  Laikipia  Plateau, 
in  the  Elmenteita  and  Naivasha  Lake  country,  and  on  the  Athi  and 
Kapita  plains.    None  were  seen  on  the  Guas  Ngishu  Plateau. 

BUBALIS  JACKSONI  Thomas 

Skull  and  head  skin  of  adult  male  from  the  Guas  Ngishu  Plateau, 
about  June  15.  This  specimen,  from  only  a  short  distance  north  of 
the  type  locality  of  jacksoni.  agrees  with  the  descriptions  of  that 
species,  and  the  specimens  in  the  Museum,  in  most  particulars.  The 
points  of  the  horns,  however,  incline  inward,  after  the  style  of  B, 
niedecki,  from  the  White  Nile  region.  Another  specimen  from  the 
same  locality,  a  mounted  head  in  Mr.  White's  collection,  has  the 
horn  tips  nearly  parallel,  or  but  slightly  turned  outward ;  and  others 
were  killed,  as  shown  in  photographs  taken  by  the  party,  in  which 
the  horns  distinctly  turned  outward.    This  illustrates  the  instability 
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of  such  minor  horn  characters,  as  a  large  series  would  evidently 
show  considerable  variation  in  the  angle  of  the  terminal  section 
of  the  horn. 

The  measurements  of  this  skull  (No.  1 55431)  are:  Condylobasal 
length,  426  millimeters;  palatal  length,  241;  greatest  breadth,  138; 
facial  length,  438 ;  muzzle  to  orbit,  312 ;  upper  tooth  row,  100;  length 
of  horns,  553;  circumference  at  base,  304;  greatest  spread,  250; 
spread  at  points,  112;  length  of  smooth  backward  terminal  section, 
210. 

The  skin  of  the  head  is  a  rich  red  in  color  with  a  faint  stripe  of 
black  down  the  back  of  the  neck  from  between  the  ears  to  the  point 
where  it  was  severed  from  the  body. 

This  hartebeest  was  very  abundant  on  the  Guas  Ngishu  Plateau, 
where  hundreds  were  seen  almost  daily,  in  herds  of  from  three  or 
four  up  to  fifty  or  more  each.  Many  other  animals,  especially  the 
zebra  and  topi,  and  sometimes  the  giraffe  and  eland,  take  advantage 
of  the  abundance  of  the  kongoni  and  graze  among  the  herds,  appar- 
ently depending  upon  them  to  give  the  first  alarm  of  approaching 
danger.  The  breeding  season  for  many  of  the  British  East  African 
ungulates  appears  to  extend  over  the  greater  part  of  the  year,  and, 
in  large  herds  of  Jackson's  kongoni,  young  of  several  ages,  from 
small  calves  to  nearly  grown,  were  often  seen. 

CONNOCHiETES  TAURINUS  ALBOJUBATUS  Thomas 

Skin  of  head  and  neck  to  withers.  Killed  by  Dr.  Rains  ford  on 
the  Athi  Plains^  in  December.  Practically  a  topotype  of  albojubatus. 
The  color  represents  the  dark  phase  and  is  much  darker  than  in 
any  of  six  heads  in  the  Museum  collection  from  "Masailand,"  the 
yellowish-white  throat  fringe  being  especially  conspicuous. 

This  animal  was  seen  only  in  the  Athi  Plains  country  and  appar- 
ently does  not  occur  on  the  Laikipia  or  Guas  Ngishu  plateaus. 

OREOTRAGUS  OREOTRAGUS  SCHILLINGSI  (Neumann) 

In  the  collection  presented  by  Mr.  White  were  the  feet  of  one  of 
these  antelopes  from  the  Laikipia  Plateau.  In  his  collection  of 
trophies  Mr.  White  has  two  heads  of  old  bucks  which  differ  greatly 
in  color.  One  from  Elmenteita  has  the  head  gray,  with  almost  pure 
white  markings,  while  the  head  from  the  Laikipia  country  is  every- 
where deeply  suffused  with  an  ochraceous  color,  giving  a  very  differ- 
ent appearance  to  the  animal. 
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Klipspringers  were  frequently  seen  on  the  Laikipia  Plateau, 
usually  in  small  groups  of  two  or  three  individuals.  At  one  time 
five  were  seen  on  the  same  hill,  but  this  was  probably  a  chance 
gathering  of  two  lots.    None  were  seen  on  the  Guas  Ngishu  Plateau. 

OUREBIA  COTTONI  Thomas 

Plate  i,  Fig.  i,  Skull 

Three  skulls  and  head  skins  from  south  of  the  Nzoia  River,  on 
the  Guas  Xgishu  Plateau,  June.  These  are  practically  topotypes 
of  cottoni,  described  from  Sirgoit  Rock,  and  show  the  species  to  be 
ver}'  distinct  from  O.  kenycc,  from  the  region  northeast  of  Nairobi, 
though  closely  related  to  O.  vxontana.  From  the  latter  it  is,  how- 
ever, readily  distinguished  by  the  larger  horns.  The  skins  agree 
with  the  series  examined  by  Thomas  in  the  absence  of  a  distinct 
dark  frontal  blaze.  The  skulls  agree  in  all  important  measurements 
and  characters  with  the  description  of  the  type.    They  measure: 

155415    155420    155421 

Adult  male.    Youiir  male     Youiur  male. 
mm.  mm.  mm. 

Greatest  length 168  165  163 

Condylobasal  length 157  155  154 

Greatest  breadth 75  73                   73 

Intcrorbital  breadth  54  45                   40 

Muzzle  to  orbit 87  85                   85 

Upper  tooth  row 53  —  ^                 —  ' 

Length  of  horn 123  100                   93 

*  Last  molars  not  entirely  in  place. 

OUREBIA  MICRODON,  new  species 

Plate  1,  l*ir.?.  2,  3.  Ski'li. 

Type. — Skull  of  adult  male,  Cat.  Xo.  155422,  U.  S.  N.  M.,  col- 
lected south  of  the  Nzoia  River  on  the  Guas  Xgishu  Plateau,  British 
East  Africa,  summer  of  1908.  by  John  Jay  White. 

Diagnostic  characters. — Size  large  :  rostrum  long :  teeth  small ; 
horns  short,  stout,  and  heavily  ringed. 

Color. — External  characters  unknown. 

Skull  and  teeth. — Compared  with  skulls  of  O.  cottoni  the  type 
skull  of  O.  microdon  is  much  larger,  with  longer  rostrum,  narrow 
interptcrygoid  fossa,  and  smaller  teeth.  Though  the  skull  is  larger, 
the  teeth  arc  actually  smaller.  The  basioccipital  is  nearly  square, 
with  surface  almost  flat :  very  different  from  the  deep-pitted,  trian- 
gular basioccipital  of  0.  cottoni.     From  0.  montana  it  differs  in 
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much  larger  size;  horns  stouter  and  heavily  ringed;  rostrum  heavier; 
basioccipital  square  and  flat.  It  may  be  distinguished  from  skulls 
of  O.  kenyce  by  its  larger  size,  longer  rostrum  and  nasals,  narrow 
interpterygoid  fossa,  square  and  flat  basioccipital;  and  shorter, 
stouter,  more  heavily-ringed  horns.  The  skull  of  O.  microdon  diflFers 
also  from  skulls  of  all  the  above-mentioned  species  in  the  straight 
line  of  the  inner  edge  of  the  upper  tooth  row,  which  in  all  of  these 
is  decidedly  concave.  The  palate,  therefore,  is  almost  oblong,  and 
the  distance  across  between  the  first  premolars  almost  equals  the 
distance  across  between  the  last  molars. 

Measurements, — See  table  below  for  measurements  of  the  type 
skull. 

Remarks. — As  known  from  the  skull  alone  this  new  oribi  is  very 
diflferent  from  O.  cottoni,  inhabiting  the  same  region.  It  appears 
to  be  more  closely  related  to  O.  kenycp,  from  the  headwaters  of  the 
Tana  River. 

A  comparison  of  measurements  of  skulls  of  adult  males  of  the 
four  species  of  Ourebia  from  the  region  is  given  in  the  following 
table : 

O.  microdon.         O.  coitoni.  O.  kenya.        O.  tnofitana. 

JS5422  155415     162857     I 12998 

Ourebia  skulls.  Guas  Ngishu    <-„«„  v',««»,..  v--«..  ,-,«  «,;  — «♦ 

Adult  males  Plateau.        ^"tlJJSf,*'"         ^J!^Iy.x  PWV^^ 

Tvoe  Plateau.  I^aironi.  of  I.ano. 

mm.  mm.  mm.  mm. 

Greatest  length 175  168  165  164 

Condylobasal  length 163  157  154  153 

Basal  length  152  146  143  144 

Palatal  length 98  94  88  89 

Greatest  breadth  77  75  75  74 

Interorbital  breadth  51  54  49  44 

Muzzle  to  orbit 95  87  85  86 

Length  of  nasals 60.5  61  51  58 

Upper  tooth  row 48  53  49  50 

Length  of  horn 108  123  115  102 

Ciraimference  of  horn 55  50  4/  47 

KOBUS  DEFASSA  UGANDiE  (Neumann) 

Skull  and  head  skin  of  adult  male,  killed  on  the  Guas  Ngishu 
Plateau,  south  of  the  Nzoia  River,  summer  of  1908.  The  specimen 
agrees  with  Neumann's  description  in  its  large  size  and  colors,  the 
bright  rufous  face  contrasting  decidedly  with  the  paler  color  of  the 
cheeks  and  neck. 

Measurements  of  the  skull  (No.  155414)  are:  Greatest  length, 
420  millimeters;  condylobasal  length,  408;  greatest  breadth,   166; 
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nasals,  153;  palatal  length,  220;  interorbital  breadth,  123;  upper 
tooth  row,  114;  muzzle  to  orbit,  246;  length  of  horn,  692;  circum- 
ference of  horn  at  base,  249;  distance  between  points,  420;  greatest 
spread,  507.  In  this  skull  the  premaxillse  fail  to  reach  the  nasal 
bones  by  a  distance  of  ten  millimeters. 

CERVICAPRA  REDUNCA  WARDI  Thomas 

Skull  and  head  skin  of  adult  male  from  the  Guas  Ngishu  Plateau, 
June.  Measurements  of  skull  (No.  155429)  :  Greatest  breadth,  103 
millimeters;  length  of  nasals,  92;  interorbital  breadth,  63;  upper 
tooth  row,  58;  length  of  horn,  217;  distance  between  points,  135. 

The  reedbuck  was  common  on  the  Xzoia  River;  singles,  pairs, 
and  small  herds  of  up  to  seven  or  eight  animals  were  seen. 

GAZELLA  THOMSONI  NASALIS  Lonnberg 

Three  skulls  of  adult  males,  two  of  them  accompanied  by  skins 
of  head  and  neck  to  shoulders,  from  Elmenteita,  September  7.  The 
skins  exhibit  a  ver>'  distinct  black  patch  on  the  nose,  and  appear  to 
represent  the  northern  race.  The  skulls  show  no  appreciable  char- 
acters to  separate  them  from  skulls  of  typical  thomsoni  from  the 
Kilimanjaro  region.    Measurements  of  skulls: 

155427    155428    155426 

ffllN*  ffl^N*  fPlrff* 

Condylobasal  length 198  196  183 

Greatest  breadth  84  88  85 

Muzzle  to  orbit loi  105  98 

Length  of  nasals 54  50  42 

Interorbital  breadth   49  55  50 

Upper  tooth  row 54  55  57 

Length  of  horn 300  315  281 

Distance  between  points 100  86  104 

\'ery  abundant  about  Elmenteita.  Comparatively  few  were  seen 
on  the  Laikipia  Plateau  and  none  were  found  on  the  Guas  Ngishu 
Plateau. 

GAZELLA  GRANTI  GRANTI  Brooke 

Skulls  and  head  skins  of  two  adult  males,  killed  on  the  Elmenteita 
Plains  about  September  7.     Skull  measurements  are  as  follows: 
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middle  and  about  50  mm.  wide  near  the  posterior  end,  are  reduced 
to  narrow  streaks  from  8  mm.  wide  in  the  middle  to  10  mm.  wide 
near  the  posterior  end.  The  stripe  is  nowhere  pure  blackish  brown, 
as  in  beisa,  but  is  everywhere  mixed  with  hairs  of  the  body  colon 
In  beisa  the  lateral  stripe  sharply  divides  the  area  of  color  of  the 
side  from  the  white  of  the  belly.  In  the  Laikipia  animal  the  white 
below  the  stripe  is  suffused  with  the  darker  color  of  the  side,  the 
stripe  really  passing  across  the  lower  edge  of  the  side  color  nearly 
an  inch  above  the  white  of  the  belly,  which  gradually  becomes  purer 
below  it,  instead  of  being  sharply  defined.  The  dorsal  stripe  is  also 
less  distinct. 

The  markings  of  the  head  differ  somewhat  from  a  head  of  beisa 
also.  The  black  stripe  passing  through  the  eye  extends  down  and 
forward  nearly  to  the  corner  of  the  mouth,  and  the  face  patch  is 
broader  at  the  lower  end,  the  two  black  areas  thus  reaching  within 
less  than  25  mm.  of  each  other,  much  after  the  pattern  of  coloration 
in  O.  callotis.  In  another  example,  a  mounted  head  in  Mr.  White's 
collection,  also  from  Laikipia,  the  eye  stripe  passes  down  to  join  the 
black  throat  stripe.  This  head,  as  well  as  another  head  skin,  ac- 
companied by  the  skull,  presented  to  the  Museum  by  Mr.  White, 
agrees  with  the  type  skin  in  the  general  peculiar  color. 

Skull  and  teeth. — Skull  as  in  O.  beisa,  but  with  much  larger  teeth; 
molars  nearly  as  broad  as  long;  lacrymal  vacuities  greater. 

From  a  Taveta  specimen  of  O.  callotis  the  skull  of  this  new 
species  differs  in  many  particulars.  It  is  smaller  and  much  nar- 
rower in  front  of  orbits.  Ends  of  premaxillae  square,  very  dif- 
ferent from  the  tapering,  pointed  ends  in  callotis.  Median  palatal 
notch  shallow,  not  reaching  to  plane  of  last  molars.  Upper  tooth 
row  much  shorter,  about  equaling  the  length  of  last  five  teeth  of 
callotis;  molars  about  as  broad  as  long.  Lacrymal  capsules  much 
less  inflated.    Audital  bullae  small  and  flattened ;  alisphcnoids  smaller. 

Measurements. — The  skull  of  an  adult  male  (No.  155413)  from 
the  type  locality  measures:  Condylobasal  length,  356  millimeters;, 
greatest  breadth,  152 ;  muzzle  to  orbit,  219 ;  least  interorbital  breadth, 
103;  length  of  nasals,  142:  upper  tooth  row,  105;  length  of  horn, 
685 ;  spread  at  points,  210. 

Remarks. — ^This  new  oryx  apparently  needs  no  special  compari- 
son with  O.  b.  gallarum.  From  0.  callotis  it  differs  in  its  lack  of 
ear  tufts  and  the  position  of  the  parting  of  the  hair  on  the  back. 
These  and  other  general  characters  place  it  in  the  beisa  group.  The 
skull  differs  so  greatly  from  a  skull  of  O.  callotis  that  it  would  cer- 
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tainly  seem  that  Lydekker^  was  in  error  when  he  considered  callotis 
a  subspecies  of  beisa. 

This  antelope  was  first  seen  soon  after  leaving  Laikipia  Boma. 
It  was  generally  distributed  over  the  Laikipia  Plateau  and  was 
fairly  abundant.  Reported  as  especially  plentiful  about  forty  or 
fifty  miles  north  of  Mount  Kenia.  • 

TRAGELAPHUS  DAMA  Neumann 

Complete  skin  of  old  buck.  The  tag  was  lost  from  this  specimen, 
but  it  was  almost  surely  killed  on  the  upper  Nzoia  River.  It  agrees 
well  with  the  description  of  T.  dama,  differing  only  in  the  lack  of 
numerous  white  spots  along  the  sides  of  the  body.  As  it  is  well 
known  that  the  white  body  spots  on  bushbucks  tend  to  disappear 
in  males  with  old  age,  this  specimen  can  well  be  called  dama.  This 
skin  has  four  faint  body  spots  on  each  side,  formed  by  only  a  few 
white  hairs  each,  and  a  yellowish-white  streak  in  front  of  each  eye. 
These  are  about  the  only  characters  to  distinguish  it  from  the  de- 
scriptions of  Tragclaphns  sylvaticiis  merucnsis  I.onnberg  and  Tragc- 
laphus  tjaderi  Allen,  between  which  I  can  find  no  appreciable  differ- 
ence. It  would  hardly  seem  that  both  of  these  latter  fomis  are 
entitled  to  recognition. 

Mr.  White  tells  that  the  Kikuyu  natives  explain  the  presence  of 
the  peculiar  short-haired  collar  in  this  group  of  bushbucks  by  a  story 
to  the  effect  that  the  Great  Spirit  ties  the  animals  up  each  night. 

BObCERUS  EURYCERUS  ISAACI  Thomas 

The  collection  contains  two  skins  of  the  rare  East  African  bongo. 
They  were  purchased  from  natives  at  Nairobi,  and  were  supposedly 
killed  in  the  vicinity  of  the  Mau  Escarpment.  The  skins  differ 
greatly  in  color  and  are  both  quite  unlike  a  mounted  bongo  in  the 
Museum,  also  from  East  Africa. 

Xo.  155435,  skin  of  body,  is  of  a  bright,  glossy  hazel  color,  shad- 
ing to  dark  chestnut  and  black  on  the  shoulders  and  chest ;  a  faint 
black  dorsal  stripe  from  withers  to  rump ;  twelve  white  vertical 
stripes  on  each  side,  all  but  one  pair  practically  meeting  on  the 
dorsum;  white  spots  on  legs  very  large.  A  mounted  head  in  Mr. 
White's  private  collection,  presumably  from  this  same  individual, 
and  which  I  have  had  the  pleasure  of  examining,  has  the  face  and 
muzzle  all  around,  from  level  of  the  eyes  to  near  the  lips  and  chin, 


*  The  Game  Animals  of  Africa,  p.  285,  ipcS. 
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blackish;  forehead  dark  chestnut  red;  lips  and  chin  white;  eyes 
encircled  with  tawny;  a  broad  white  face  stripe  and  the  two  white 
spots  under  the  eyes  greatly  enlarged,  the  upper  one  twice  as  long 
as  wide ;  throat  blackish  to  within  eight  inches  of  the  white  crescent 
on  the  lower  neck. 

No.  155434,  complete  skin,  is  of  a  glossy  chestnut  bay;  neck, 
chest,  and  lower  sides  black;  a  distinct  black  dorsal  stripe  from 
neck  to  rump,  the  hair  forming  a  short,  stiff  mane  to  middle  of 
back;  eleven  white  stripes  on  right  side,  thirteen  on  left;  face  black- 
ish ;  upper  forehead  dark  chestnut ;  a  broad,  dark  fawn  stripe  from 
eye  to  end  of  white  streak  across  face ;  face  streak  greatly  reduced 
and  divided  in  center  by  a  blackish  chestnut  stripe ;  cheek  spots  large 
and  irregular  in  shape. 

The  mounted  specimen  in  the  Museum  is  of  about  the  same  gen- 
eral color  tone  as  No.  155435,  from  which  it  differs  in  lack  of  black- 
ish on  the  shoulders,  neck,  and  chest,  the  body  being  entirely  of 
the  bright,  glossy  hazel  color.  This  specimen  has  thirteen  vertical 
stripes. 

Thus  w^e  have  three  specimens  of  the  bongo,  all  from  British  East 
Africa,  and  all  differing  widely  from  one  another.  Not  knowing 
the  exact  locality  in  w'hich  each  was  killed,  it  is  useless  to  speculate 
on  the  meaning  of  these  great  differences.  It  is  hard  to  believe  that 
the  great  variation  between  the  pure  hazel-colored  specimen  and  the 
one  with  the  maximum  amount  of  black  is  explained  by  individual 
variation  in  the  same  forest. 

TAUROTRAGUS  ORYX  PATTERSONIANUS  Lydckker 

Skin   of  adult  male   from  the  Guas   Ngishu   Plateau,   May   17. 

Eland,  which  were  greatly  reduced  in  numbers  in  parts  of  British 
East  Africa  some  years  ago  by  the  rinderpest,  are  slowly  gaining 
in  numbers.  Several  herds  of  from  forty  to  sixty  head  were  seen 
on  the  Guas  Ngishu  Plateau,  and  one  herd  of  sixty  or  more  animals 
was  found  in  the  Laikipia  country. 

EQUUS  BURCHELLI  GRANTI  dc  Winton 

Skin  from  the  Guas  Ngishu  Plateau,  about  June  15. 
Zebras  were  found  in  abundance  both  on  the  Guas  Ngishu  and 
Laikipia  plateaus. 
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of  giOiihY  black:  shoulders  with  much  more  black,  giving  them  a 
%*:7\tT4i\  grizzly  appearance,  the  individual  hairs  with  an  extra  ring 
of  black.  I^^wer  neck  and  arm-pits  white;  arms  bdow  dbow  and 
hands  dirty  creamy  white.  A  dark  stripe,  from  middle  of  bade  to 
tip  of  tail,  cinnamon-rufous,  richest  and  darkest  on  rump  and  root 
of  tail,  where  it  is  pure  glossy  bay.  and  shading  to  pale  ochraccoos 
at  tip  of  tail.  Rump  to  callosities  and  down  outer  sides  of  \cg& 
*li|^htly  more  than  half  way  to  knees  glossj-  bay:  outsides  of  legs 
and  feet  cream ;  inner  sides  of  legs  white ;  under  side  of  tail  cream. 
I-/>ng  hair  of  sides  pale  cinnamon-rufous,  with  less  black  than  above; 
beliv  thin]v  haired,  the  hairs  ochraceous  to  ochraceous-buff  with 
v.hite  tips. 

Measurements  of  type. — Length  of  skin  from  nose  to  root  of  tail* 
870  millimeters:  length  of  tail  (dr>'  skin),  640.  Skull:  Greatest 
\(:u'iC.\\,  149;  condylobasal  length,  120;  zygomatic  breadth.  90:  length 
of  nasals.  22.5;  maxillary  tooth  row,  exclusive  of  canines,  32. 

lirythrocebus  whitei  seems  to  be  a  very  different  animal  from  any 
of  the  previously  described  species.  It  differs  from  the  plate  of  the 
type  specimen  of  £.  pyrrhonotus^  in  its  grizzled  back  and  shoulders, 
black  lines  over  eye  to  ear>  and  crown,  dark  bay  frontal  patch,  and 
restricted  markings  on  legs.  From  £.  formosus  it  differs  in  the 
black  brow  line  extending  between  eye  and  ear :  hair  of  lower  rump 
and  back  not  yellow  tipped,  but  black  tipped,  giving  the  whole  back 
a  verv  flifferent  color— cinnamon-rufous  mixed  with  black,  instead 
of  vellowish ;  sides  of  neck  and  chest  and  outer  sides  of  arms  not 
lemon  yellow.  From  E.  baumstarki  it  may  be  distinguished  by  the 
general  Ix^dy  color,  dark  grizzled  cinnamon-rufous,  instead  of  pale 
light  red ;  distinct  black  forehead  band  and  no  white  between  qre 
and  ear,  and  many  other  characters. 

Several  small  groujjs  of  these  red  monkeys  were  seen  on  the  Guas 
Xgi^lin  riateau,  in  the  neighborhood  of  the  Nzoia  River.  Two 
specimens  were  killed  by  the  party;  both  single  males  shot  from 
low  trees.  As  usually  seen,  they  were  in  parties  of  three  or  four 
to  a  dozen  animals,  traveling  on  the  ground  in  open  country,  and 
were  very  hard  to  approach. 


'  (iroffroy  St.  Milaire  and  Ciivier.  Histoire  Xatiirelle  des  Mammifcres,  Tome 
7,  »H42. 
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The  basal  radii  of  Elops  arc  also  much  more  regularly  spaced,  and 

the  laterobasal  angles  are  rounded. 

According  to  the  scales,  the  four  famili^«i  considered  are  related 
thus: 


A.  Albulidae. 

b.     .     ,   '.     .    .  / 1.  Elopidae. 


B (a.  Monnyridse. 

l^ fi. 

\  2.  Hiodontidae. 


A  remarkable  thing  about  the  scales  of  Hiodon  is  their  close  re- 
semblance to  those  of  certain  old  world  Cyprinidae.  Comparison 
may  be  made,  for  instance,  with  Cyprinus  carpio.  The  resemblance 
is  such  that,  if  the  scales  had  come  to  me  nameless,  I  should  certainly 
have  guessed  them  to  be  Cyprinoid.  The  Hiodontidae  cannot  be 
directly  related  to  the  Cyprinidae,  but  I  believe  that  they  may  stand 
close  to  the  ancestors  of  the  Characinidas.  I  do  not  know  a  Chara- 
cinid  scale  similar  to  Hiodon,  but,  of  all  the  South  American  Chara- 
cinids,  I  know  scales  of  only  two  genera. 
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in  groups  about  the  village  and  gossiped  or  sung  to  tunes  resembling 
those  of  Japanese  operas.  Time  was  kept  by  one  of  the  Indians 
beating  upon  a  caribou-skin  drum,  while  everybody  swayed  to  the 
time,  alternately  bending  the  right  and  left  knee.  For  the  final  cere- 
mony a  fence  about  seven  feet  high  was  built  about  an  enclosure 
thirty  by  sixty  feet.  The  "pot-latch"  proper  was  held  in  this  enclos- 
ure during  one  afternoon,  and  the  people  sat  about  near  the  fence 
facing  the  goods  of  the  deceased,  which  were  displayed  at  one  end 
by  Chief  Isaac,  who  stood  in  their  midst  and  presided.  The  first 
hour  of  the  ceremony  was  very  much  like  a  church  meeting,  all 
talking  in  their  native  language.  The  chief  then  opened  with  a 
speech,  and  when  he  sat  down  others  rose  and  spoke  as  the  spirit 
seemed  to  move  them,  apparently  eulogizing  the  great  chief.  At 
times  the  speaker  became  much  wrought  up,  his  gestures  showing 
that  he  was  illustrating  a  fight  with  an  animal.  After  the  speech- 
making  the  goods  were  distributed  one  article  at  a  time.  The  chief 
would  pick  up  a  blanket,  walk  down  the  center  of  the  assembly,  and 
with  a  few  remarks  toss  it  to  some  one,  the  recipient  smilingly 
responding  with  brief  remarks.  Articles  were  only  given  to  the 
visitors;  the  Eagle  Indians  received  nothing. 

After  watching  the  ceremony  several  hours,  I  was  about  to  leave 
when  the  chief  called  me  and  handed  me  a  pair  of  moose-skin  moc- 
casins, saying,  "This  is  because  you  were  good  to  my  people." 
'  Next  day  the  food  became  scarce,  so  the  visitors  began  to  depart 
for  their  homes,  their  toboggans  laden  with  goods  from  the  deceased 
chief's  cache. 

NAMES 

A  few  of  the  most  important  Indian  names  have  been  given  in 
the  previous  paragraphs  under  other  subjects.  The  Eagle  Indians 
themselves  are  called  "kkwi  dyik"  in  their  own  tongue.  In  the 
Porcupine  language  they  are  called  "vun  tte  kwi  chin."  which  means 
"the  people  of  the  Willow  Creek."  since  they  came  from  what  is 
now  known  as  Charlie  Creek,  where  willows  abound  and  from  which 
the  creek  was  named  by  the  natives. 

Individuals  were  given  names  from  incidents  of  their  infancy. 
Old  Simon's  name,  "Da  Hoch,"  meaning  white  blood,  was  chosen 
from  the  fact  that  he  had  a  suppuration  in  one  of  his  eyes  since 
infancy.  The  Indians  are  generally  known  to  the  white  people  by 
Biblical  names  which  missionaries  gave  to  them. 


NO.  4  UPPER  YUKON    NATIVE  CUSTOMS — SCHMITTER  29 

would  throw  his  coat  away  she  would  pick  it  up  and  eat  it  The  man  now 
knew  that  the  young  wolverenes  had  no  coats,  so  he  wished  that  a  cold  storm 
would  come.  Then  the  storm  came  and  they  called  to  the  man,  **  Partner,  come 
and  build  a  fire  for  us,  because  it  is  cold  and  we  won't  kill  you."  The  man 
started  to  build  a  fire.  He  got  wood  together  and  started  a  fire  under  it  He 
didn't  want  it  to  burn  right  away,  so  he  put  a  little  snow  on  the  fire.  Then  he 
told  the  >'Oung  wolverenes  to  sit  in  a  row  and  all  blow  the  fire  at  once  to- 
gether. As  they  bent  to  blow  it  he  struck  all  of  them  over  the  heads  with  a 
long  pole,  killing  them  all  with  the  one  blow. 

THE  WOLVERENE  AND  THE  HUNTER 

The  wolverene  used  often  to  go  out  hunting  with  a  man,  but  every  time  he 
would  return  without  his  partner.  One  man  decided  to  go  out  with  him  and 
find  out  what  he  did  with  them.  They  traveled  together  all  day.  £ver>'  time 
they  saw  a  moose  track  the  man  wanted  to  follow  it,  but  the  wolverene  said, 
"Thafs  no  good;  we  must  go  long  way  to  get  good  hunting."  At  dark  they 
made  a  camp.  There  was  plenty  of  wood  about,  but  wolverene  said  that  he 
wotdd  get  a  hollow  rotten  stump  and  a  large  squirrel's  nest  (the  kind  built  on 
pine-tree  branches).  The  man  had  stripes  about  his  pants  below  the  knees, 
made  of  porcupine  quills.  The  wolverene  didn't  have  any  stripes  on  his  pants. 
They  both  got  wet  The  man  knew  that  the  wolverene  was  going  to  do  some- 
thing bad  with  the  rotten  wood.  They  stretched  a  pole  across  the  fire  and 
hung  their  pants  on  it  to  dry. 

The  man  turned  his  pants  inside  out,  so  the  wolverene  did  the  same  way. 
The  wolverene  sat  on  the  left  of  the  fire  and  the  man  sat  on  the  right,  with 
their  pants  on  their  respective  sides,  so  that  they  would  know  whose  pants 
each  were.  They  both  went  to  bed  without  pants  on,  beside  each  other.  This 
man  was  smarter  than  the  wolverene.  The  man  did  not  sleep,  but  pretended 
to.  He  would  snore ;  then  the  wolverene  would  go  to  get  up  quietly :  then  the 
man  would  move  a  little  and  the  wolverene  would  lie  down.  The  man  did  not 
go  to  sleep,  but  kept  awake  till  the  morning  hours,  when  he  was  sure  the 
wolverene  was  asleep.  Then  the  man  got  up  and  changed  the  place  of  the 
pants  and  went  back  to  bed.  The  wolverene  now  woke  up  and  took  the  pants 
which  he  thought  was  the  man's.  He  put  them  inside  the  hollow  stump  and 
laid  the  squirrel's  nest  over  it.  Then  he  put  it  in  the  fire  and  burned  it  At 
daylight  the  man  got  up.  The  fire  was  out,  so  he  built  another  fire.  After  that 
he  took  his  pants  down.  Then  the  wolverene  got  up  and  said,  "Partner,  that's 
my  pants."  The  man  said,  "No,  they  are  my  pants."  The  wolverene  tried  to 
take  them  away,  but  the  man  said,  "You  haven't  any  stripes  on  your  pants; 
there  are  the  stripes,  so  they're  mine."  The  wolverene  was  sorry  he  lost  his 
pants,  and  said  they  must  have  fallen  on  the  fire  and  burned.  The  man  got 
lots  of  small  wood,  no  large  pieces,  so  that  it  would  burn  up  quickly ;  then  he 
told  the  wolverene  he  would  go  home  to  get  a  pair  of  pants  and  come  back 
after  him.  When  he  started  he  pot  a  few  hundred  yards  away ;  then  he  called 
to  the  wolverene  and  said,  "I  have  found  out  now  what  you  do  with  your 
partners.  I  won't  come  back  to  you  any  more."  Then  the  man  went  home  and 
let  the  wolverene  freeze  to  death. 
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A  FAMILY  ANBCDOTE 

When  Arthur,  my  interpreter,  was  a  little  boy,  a  lot  of  youngsters  used  to 
get  together  and  some  old  man  or  old  woman  would  tell  them  anecdotes  and 
folk-lore  stories.    One  of  them  is  as  follows : 

Arthur's  mother  narrowly  escaped  death  by  a  big  moose  once.  The  moose 
kills  dogs  by  stamping  with  the  fore  feet  or  kicking  with  the  hind  feet  The 
Indian  women  went  out  with  the  dogs  to  bring  home  a  lot  of  cached  caribou 
meat.  They  dragged  the  meat  over  the  snow,  wrapped  up  in  caribou-skin.  A 
moose  appeared  at  the  cache  and  all  the  dogs  went  after  him.  The  women  did 
not  want  to  kill  the  moose,  but  they  tried  to  do  so  because  they  could  not  get 
the  dogs  away.  So  they  fastened  a  knife  to  a  stick  and  tried  to  spear  it.  The 
moose  ran  toward  Arthur's  mother  and  planted  both  fore  feet  in  front  of  her 
but  she  sat  humped  up  and  kept  perfectly  motionless,  and  the  moose  turned 
away  without  harming  her.  If  she  had  moved  he  would  have  trampled  her  to 
death. 
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The^  analy?*^  tell  a  con-^Lnent  atorv.  The  St.  Lawrence  represents  a 
humid  area,  and  f:^f!Ty  Bffizre  mile  of  it  conrribntes  something  to  the 
salinity  of  the  waters.  Henr;e  a  solvent  activity  of  105  tons  per  square 
rnile.  The  >fi.^i5»sippi  i.^  a  blend  of  waters  from  humid  r^ons  on  the 
ea^t  and  arid  or  semi-arid  plain.a  to  the  west,  and  its  load  is,  therefore^ 
prop^>rtionat^;ly  lowere<l.  The  Colorado  and  Rio  Grande  are  typical  of 
areas  which  are  largely  arid,  and  many  square  miles  of  their  nominal 
drainage  bamns  a^ld  nothing  to  the  saline  burdens.  The  Amazon  and  the 
Urfjgiiay  ghow  the  low  salinity  of  the  tropical  forest  regions,  and  the  Nile 
flowM  for  a  tlKMJHand  mile^  of  its  course  through  a  desert.  The  saline 
matter  of  the  Nile  wme.n  in  great  part  from  the  regions  south  of  E3iar- 
Ufittn.     ft  has  no  tributaries  worth  considering  north  of  the  Atbara. 

Kvt'M  on  the  purely  cherniral  side  the  analyses  are  instructiye.  The  water 
of  the  St.  Ijawrencc  is  essentially  a  calcium  carbonate  solution ;  in  the  Colo- 
r«rlo  and  Kio  Grande  sulphates  and  chlorides  predominate,  and  calcium 
iM  n-lntively  low;  the  Mississippi  has  an  intermediate  character.  As  a 
rule  tlie  waters  from  arid  rr^nons  resemble  the  Colorado;  those  from 
humid  areas  are  more  like  llio  St.  Ijawrence.  This,  of  course,  is  not  an 
ab-vduti;  rule,  but  it  holds  fairly  well  in  a  broad  general  way.  It  is  a 
diKtinet  aid  in  rJiHrussing  the  larger  problems  of  chemical  denudation. 

'  M«»i.  ••  DiifN  r,f  0^rKh«?mlntry,"  Bull.  830  V .  S.  Oeol.  Sun.,  p.  75.  «  Ibid.,  p.  82. 

*  f.«  Ml,  rKirypt,  In  HiMirlan.     Parlfi.  IfiOI. 
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than  the  actual  uncertainties  of  the  computation.  If,  for  the  sake  of 
unifonnity,  we  take  as  the  crude  age  of  the  ocean  the  quotient  first  ob- 
tained, 80,726,000  years,  the  chemical  precipitates  are  represented  by  the 
following  annual  quantities : 

SO4   288,017,000  metric  tons 

Ca 550,822,000 

Mg 71,945,000 

K   34,971,400 

RfOa   75,213,000 

SiOt    319,170,000 

Combined,  the  radicles  thus  precipitated  in  the  ocean,  yield  the  follow- 
ing substances: 

Gypsum,  CaS04.2HsO 516,020,000  metric  tons 

Calcium  carbonate,  CaCOa. .  1,077,030,000 
Magnesium  carbonate,  MgCOa  249,587,000 
Liimonite,*  2  FOjO. .  3HjO . .  87,505,000 
Silica,  Si02 319,170,000 


<<         it 


The  potassium  remains  unaccounted  for.  Part  of  it  is  taken  up  by  the 
clay-like  substances  in  the  oceanic  silts,  and  part  goes  to  form  glauconite; 
but  it  is  not  worth  while  to  speculate  upon  the  relative  proportions  of 
potassium  withdrawn  by  these  two  processes  from  solution. 

The  figures  given  above  for  the  quantities  of  the  five  chemical  precipi- 
tates annually  deposited  in  the  ocean  can,  of  course,  make  no  pretense  to 
accuracy.  They  are  merely  rough  approximations  to  the  truth,  but  they 
tell  something  of  the  relative  magnitudes.  Even  if  we  knew  precisely  tlie 
age  of  the  ocean,  it  would  not  be  practicable  to  reckon  backward  and  so 
to  determine  the  total  mass  of  deposits  formed  during  geological  time. 
The  figures  tell  us  what  is  happening  to-day,  but  are  inapplicable  to  the 
past.  The  reason  for  this  stat-ement  is,  that  apparently  the  different 
deposits  have  formed  at  different  rates.  In  the  beginning  of  chemical 
erosion  fresh  rocks  \vere  attacked,  and  relatively  more  silica  and  loss  lime 
passed  into  solution.  At  present,  limestones,  laid  down  in  previous 
geologic  ages,  are  being  dissolved,  and  calcium  is  added  to  the  ocean  more 
rapidly  than  in  pre-Cambrian  times.  This  is  not  mere  speculation.  A 
study  of  river  waters  with  reference  to  their  origin,  whether  from  crvstal- 
line  or  sedimentary  rocks,  fully  justifies  my  assertions. 

The  vexed  question  as  to  the  source  of  oceanic  chlorine,  I  have  so  far 
left  out  of  consideration.  Dr.  Becker  has  shown  that  volcanic  asreiioios 
are  adequate  to  account  for  it.  Some,  however,  may  have  come  from 
ferrous  chloride,  lawrencite,  a  compound  which  is  common  in  met(*oric 
irons.     If  our  planet  is  analogous  to  a  great  meteorite,  lawrencite  must 

'  AsHuming  RjOs  to  be  all  FejOs.     It  is  certainly,  in  part,  AI2O3. 
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exist  in  it,  and  was  possibly,  in  early  geologic  periods,  leached  into  the 
ocean  in  large  amounts.  Its  iron  would  be  precipitated  by  the  alkaline 
carbonates  of  river  waters,  while  chlorides  of  the  alkaline  metals  were 
produced.  Dr.  Becker,  however,  inclines  to  regard  deeply  buried  lawrencite 
as  the  origin  of  volcanic  chlorine,  and  it  is  possible  that  the  great  mass  of 
this  ferrous  chloride  underiay  the  specifically  lighter  primeval  rocks.  It 
is  also  conceivable  that  the  eariiest  crystalline  rocks  were  richer  in  easily 
decomposable  minerals  like  sodalite  than  the  surface  rocks  of  to-day,  and, 
therefore,  added  more  chlorine  to  the  ocean  than  is  leached  into  it  now. 
Such  rocks,  if  they  existed,  would  be  more  rapidly  eroded  than  the  less 
soluble  species,  and,  consequently,  less  abundant  at  the  present  time.  A 
primitive  atmosphere,  rich  in  chlorine,  and  an  ocean  of  weak  hydro- 
chloric acid  may  have  once  existed,  but  their  assumption  is  by  no  means 
necessary  in  order  to  account  for  the  known  facts. 

This  memoir  is  entitled  "  A  Preliminary  Study  of  Chemical  Denuda- 
tion." It  has  been  written  in  order  to  make  existing  data  more  available 
for  discussion,  and  to  point  out  the  deficiencies  in  our  knowledge.  If  it 
stimulates  investigation;  if  it  leads  others  to  the  examination  of  thfe 
greater  Asiatic,  African,  South  American  and  Australian  rivers,  or  to 
more  extended  studies  of  the  chemistry  of  rainfall,  its  main  purpose  will 
be  fulfilled.  The  assumptions  which  it  is  now  necessary  to  make  ought  to 
be  replaced  by  definite  evidence  of  a  sort  which  is  easily  obtainable.* 

*  Published  by  permission   of   the   Director  of   the   United   States   Geologrical   Suney.     Becker's 
memoir,  to  which  references  have  been  made,  appears  simultaneously  with  this  paper. 
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INTRODUCTORY  REVIEW 

The  birthday  of  the  world  known  to  us  is  commonly  regarded  as  coin- 
ciding with  the  epoch  of  Leibnitz's  consistentior  status^  This  great  phil- 
osopher believed  that  the  earth  solidified  from  a  state  of  fusion  by  stages 
similar  to  those  he  had  observed  in  the  refrigeration  of  large  masses  of 
metal :  cavities  analogous  to  blow-holes  developed  and  burst ;  thin  partial 
crusts  formed  and  broke ;  in  some  cases  such  crusts  were  extensive  enough 
and  sufficiently  cool  to  receive  bodies  of  water,  but  were  not  strong  enough 
to  support  the  accumulated  liquid  and  presently  gave  way,  so  that  fresh 
convulsions  ensued.  At  length,  through  the  progress  of  refrigeration, 
the  globe  emerged  into  "  a  state  of  greater  consistency."  Then  chaos  was 
at  an  end  and  permanent  oceans  became  possible. 

It  is  interesting  to  note  that  I^eibnitz  seems  to  have  had  in  mind  not 
merely  dry  fusion,  but  fusion  with  the  co-operation  of  water,  or  what 
would  now  be  called  aqueoigneous  fusion. 

Three  methods  have  been  devised  for  ascertaining  the  age  of  the  ocean : 
one  from  the  accumulation  of  stratified  rocks;  another  from  chemical 
denudation;  and  the  third  from  the  progress  of  refrigeration.  Closely 
allied  to  these  is  Sir  Greorge  Darwin's  discussion  of  the  lapse  of  time  since 
the  earth  and  the  moon  parted  company.' 

>  Protogaea,  1749.     A  sketch  of  this  posthumous  work  appeared  in  the  Acta  Eruditorum,  Jan., 
1603. 
*  Phil.  Trans.,  London,  vol.  170,  1870.  p.  .Ml;  and  vol.  171,  1880,  p.  882. 
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portion  of  the  large  ma>«  of  data  artuniulate;!  during  the  past  decado  has 
been  determined  at  our  sui:ire«Tii">n,  thou::]i  mo?t  of  the  hvdroloiriral  wnrk  of 
the  U.  S.  Geological  Survev,  inchidinLMlu*  v<tv  n\i moron >  nnalvsos  exocuti-d 
under  the  charge  of  Mr.  li.  R.  ]>■^i\  has  fiirnu-.l  p:irt  of  a  -iviitomat:'- 
effort  to  develop  tho  mineral  n><"tnro>  •»f  tlio  Common w- -id th.  Tn  pur- 
suance of  our  common  aim  ^Fr.  rinrk**  lia-  unw  n>'7^ploT»*d  a  n'vi«\v  of  all 
available  data,  nor  cnly  fm-  ti.e  rnitcl  Stiitc-  Inn  for  tIk*  world,  and  hi> 
paper  is  puhlislied  l»v  the  Smith?<»niiin  ln-iinit;«»Ti  ;r: -'r  i]:«*  title.  "A 
Preliminary  Studv  of  C]  i  mical  T^.-ni  '.{*!"i  .**  ^  \]']^  r«-!i't^  f  rm  v\  ■  ":>asi> 
of  a  discussion  of  th.c  aire  of  the  ocean  wliirh  will  U-  presented  Krl  »w. 

Kelvin  in  186*^  first  discus-ed  the  a.L'e  "f  the  earth  ronsi.l»T--.l  as  a  rrml- 
inff  bodv.  Hi?  results  were  for  some  vear-  received  witli  s<»rr«>w  and  intliij- 
nation  by  most  geoh»gists  and  especially  bv  evolutionists.  w]>'»  t]i«Mi  d'siro-l 
unlimited  time  in  which  to  effect  the  development  of  si^fiies.  More 
mature  studv  has  cnnvincetl  thr  scientili'-  world  t^at  th*re  is  no  neif-s;i:v 
discrepancy  l>etween  Kelvin's  ?o  \o  lOij  million  ye;irs.  with  a  ]^n»l»a'»le  l»>i 
million,  and  the  concln>ion'=  of  geologists  or  paleontologists.  In  ls:»3 
Clarence  King,  with  the  ai'l  of  Mr.  Carl  Barus,  inti-inhuefl  the  imi><»rtant 
criterion  of  tidal  stability  and  reached  the  conclusion  that  21  million 
years  best  represented  the  tonditions."  This  rfsult  was  accepted  hy  Kelvin 
in  1897'  and  he  then  jdaced  tlie  limits  at  'i^t  and  10  million  years.  The 
earths  considenKl  had  uniform  initial  temperatures.  In  ir»oS  I  showed 
that  such  a  distribution  of  tom]Kfrature  necessarily  involved  a  prolonged 
period  of  tidal  instability  and  discussed  a  globe  the  initial  temperature  of 
the  outer  shell  of  which  increase<I  in  simple  proportion  to  the  <listance 
from  the  surface.* 

Only  Sir  George  II.  Harwin  has  discussed  the  age  of  the  earth  fn>m  a 
purely  astronomical  point  of  view.  From  his  tii(*r)ry  of  the  eartli-moon 
system  he  derived  an  estimate-  of  more  ilian  .">(>  million  years  which  for  a 
long  time  stood  rather  alone  hetwt-en  groups  of  hijiher  and  lower  figures. 
In  the  succeeding  pages  will  be  found  my  discussion  of  ^Ir.  Clarke's 
data  and  also  a  revised  edition  of  my  paper  on  the  age  of  the  earth  as 
determined  from  refriireration.  The  two  ariruments  accord  remarkablv 
well. 


*  Amer.  Jour.  Sri.,  vol.   4.'»,   }^0?,.  \k   1. 

'  Tran*.   Vifti  lia   In-t..  v-l,   :'.],  l-'''.».  p.   11. 

*  S<ionce,  Vi.-l.  -27,   V-i'^,   \..  -227. 
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siliceous  rocks.  Its  gradual  decomposition  might  yield  clilorine,  and  no 
other  equally  probable  origin  for  the  chlorine  of  volcanoes  or  deep  springs 
is  known. 

Assuming  that  the  supply  of  juvenile  chlorine  not  combined  with 
sodium  is  sufficient  to  maintain  the  present  ratio  of  chlorine  to  bases  in 
the  ocean,  it  is  possible  to  account  for  a  part  of  the  river-borne  sodium 
chloride.  Of  the  volcanic  chlorine  substantially  3/4  must  fall  into  the  sea 
and  if  this  were  exactly  equivalent  to  the  unchloridized  river  sodium,  the 
volcanic  chlorine  precipitated  on  the  continental  areas  would  suffice  to 
chloridize  one-third  as  much  sodium  as  escapes  chloridation  until  it 
reaches  the  ocean.  Furthermore,  in  the  present  ocean  there  is  about  one 
and  a  seventh  times  as  much  chlorine  as  is  needed  to  combine  with  oceanic 
smlium.  On  the  hypothesis  suggested  this  should  also  be  the  case  on  land. 
Thus  if  the  unchloridized  river  sodium  is  02.57  x  10*^  tons,  the  volcanic 
chlorine  should  be  equivalent  to  the  following  amount  of  sodium  : 

-^  X  3  XG2.57X10«=:95X10«  tons 

The  chlorine  equivalent  of  this  sodium  equally  distributed  over  the 
earth's  surface  and  dissolved  in  a  rainfall  of  R  meters  would  give  a  normal 
chlorine  content 

f7_  0.2864 
10«E 

so  that  if  the  rainfall  were  one  meter,  the  normal  chlorine  content  ai 
inland  stations  would  be  less  than  3/10  of  one  part  per  million.  It  is  to 
be  desired  that  analvses  of  the  rainfall  should  be  made  at  a  well  dis- 
tributed  set  of  stations  for  many  purposes,  one  of  them  being  to  ascertain 
what  is  the  normal  chlorine  of  the  rainfall.  This,  however,  mav  varv  from 
Year  to  vear. 

The  total  river-borne  sodium  less  6  per  cent,  for  cyclic  sodium  is 
161.5  X  10*^  tons.  About  2  per  cent,  of  this  amount  is  covere;!  by  the 
chlorine  of  the  rocks  anrl,  according  to  the  hypothesis  of  volcanic  eldorine 
set  forth  above,  05  x  10'*  tons  more  is  thus  accounted  for.  The  sum  of 
the  two  items  amounts  to  over  98  x  10*^  tons,  but  leaves  no  less  than 
66  X  10'*  tons  of  river-borne  ^^odium,  or  40  per  cent,  of  the  total,  which  is 
chloridized  but  the  chlorine  of  which  has  not  vet  been  traced. 

There  is  no  doubt  that  a  part  of  this  sodium  chloride  is 'juvenile  and 
that  another  portion  is  what  may  be  called  secular.  Sediments  at  their 
first  emergence  from  the  ocean  are  saturated  with  salt  water  and  any 
porous  rocks,  particularly  sandstones,  if  temporarily  submerged  are 
recharged  with  salt  water.  Well  compacted  sands  contain  approximately 
20  per  cent,  of  interstitial  space,  and  it  is  easy  to  compute  that  the  whole 
mass  of  sandstones  must  originally   have  contained   highly   important 
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hausted.  It  seems  worth  while  to  attempt  some  estimates  based  on  this 
conception  of  the  saltness  of  the  ocean. 

There  is  a  great  deal  of  evidence  for  the  elder  Dana's  generalization  as 
to  the  permanence  of  continental  areas,  and  it  is  accepted  by  most  physical 
geologists.  Assuming  its  trnth  it  should  be  possible  to  arrive  at  a  mean 
value  for  the  exposed  land  surface  throughout  geological  time,  and  this 
would  be  a  constant  of  the  same  order  of  magnitude  as  the  present  con- 
tinental area. 

The  simplest  law  compatible  with  the  conditions  set  forth  is  that,  at  any 
given  time,  the  decrease  per  unit  of  time  in  the  area  of  the  sodium-pro- 
ducing exposures  has  been  simply  proportional  to  the  temporary  area  of 
the  exposures.  This  is  equivalent  to  the  hypothesis  that  the  area  of  the 
feldspathic  rocks  can  be  represented  approximately  by  the  descending  ex- 
ponential; for  if  y  is  the  exposed  area  at  a  given  time,  t,  and  c  a  con- 
stant, the  decrease  is  represented  by 

dy/di—  —y/c,  whence  y^Ae-^'^ 

Here  A  is  the  extent  of  the  exposure  when  i  =  0,  or  when  erosion  is 
supposed  to  begin.  On  the  strength  of  Dana's  law  A  may  be  taken  as  the 
mean  land  area  of  the  globe. 

Suppose  the  total  sodium  content  of  the  ocean  at  time  i  to  be  X,  and  let 
m  be  the  annual  yield  of  sodium  per  unit  area,  so  that  my  is  the  increment 
oiN  in  one  year  from  time  t.    Then,  r«  being  constant, 


or 


mydt  =  Amc  (1—  y/A ) 

0 


N/m  11 
-4/2/- 1 


while  the  formula  for  the  age  of  the  ocean  is 

t  —  c  JoOe  — 

y 

This  hypothesis  takes  no  account  of  a  primitive  saline  ocean,  though  that 
condition  could  be  included  bv  merelv  addinfij  another  constant.  When  t 
becomes  inlinite,  y  reduces  to  zero  and,  therefore,  the  limiting  value  of 
N  is  Amc, 

The  selection  of  the  exponential  to  represent  the  phenomena  under 
discussion  is  neither  a  random  one  nor  dictated  bv  mere  convenience. 
This  function  is  well  known  to  play  a  leading  part  in  the  theory  of  those 
natural  operations  wiiich  may  be  classed  generically  as  processes  of  absorp- 
tion or  gradual  extinction,'  just  as  it  also  expresses  the  gradual  accumula- 
tion of  money  at  compound  interest.     The  descending  exponential  ex- 

^  Cf.  Cournot,  Th(iorie  des  fonctions  et  du  calcul  inflnit(^>imal,  vol.  1,  chap.  2. 
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being  23  per  cent.    He  too  was  impresged  bv  the  smallness  of  the  variation 
in  the  relative  area??  of  Archean  exposures. 

If  the  present  continental  area  were  the  mean  land  area  von  Tillo's 
(lata  would  give  at  once  y/A  —  0.23,  but  since  the  land  now  stands  at  a 
high  level  the  tme  value  of  .1  is  smaller  than  the  actual  area  and  the 
quantity  0.23  must  be  modified  ac-cordingly. 

.  The  greater  part  of  the  area  of  massive  rocks  lies  at  a  considerable  dis- 
tance from  the  sea,  so  that  a  partial  submergence  would  diminish  the  con- 
tinental area  much  more  in  proportion  than  the  exposure  of  feldspathic 
rocks.  In  order  to  include,  if  possible,  the  true  mean  value  of  the  land 
area,  I  shall  take  y/A  first  at  three-tenths  and  again  at  one- fourth :  the 
latter  exceeding  the  0.23  derived  from  von  Tillo's  data  by  a  proportion 
relatively  trifling  while,  closely  enough,  0.3  =  0.23/0.8,  the  denominator 
representing  the  mean  taken  from  ^Ir.  Scluuhert's  memoir. 

With  these  data  the  results  are  as  follows: 

y/A   0.30  0.30         0.25  0.25 

.V  lO-ymy 144.2  99.5  144.2  99.5 

c/lO* 61.80  42.64  48.07  33.17 

Amc   lOy/7  lOX/7  4.V/3  4.Y/3 

(/lO* 74.4  51.3  66.6  46.0 

Here  the  second  line  gives  the  ages  on  Mr.  Joly's  hypothesis  in  millions 
of  years,  and  the  last  that  cnmputed  from  the  logarithmic  relation.  The 
fourth  line  gives  thi*  ultimate  amount  of  oceanic  sodium  calculable  from 
the  equations,  and  inferontially  tlic  thickness  which  Clarke's  shell  may 
reach,  10/T  or  4/3  of  its  present  value.  With  the  larger  fraction  this 
sliell,  now  measuring  2050  U"A,  would  ultimately  attain  n  thickness  of 
2930  feet,  or  if  it  were  all  piled  onto  our  continents,  2.2  miles.  The 
difrer«*ncc  between  this  estimate  of  the  ultimate  size  of  Clarke's  shell  and 
its  yiresent  dimensionp  ^epre^•ents  a  volume  2^  times  as  great  as  that  of 
the  presfmt  continents  above  sea  level.  Such,  then,  on  this  rather  extreme 
a.-sumption,  would  be  the  volume  of  massive  rock,  still  fresli,  but  doomed 
to  eventual  decomposition.  Thus  the  hy])othesis  leaves  an  ample  margin 
for  future  igneous  effusion?  and  epeirogenic  uplifts  without  putting  an 
excessive  strain  upon  the  imngination. 

Of  the  ages  computed,  i\v.}  greatest,  74  million  years,  is  the  most 
valuable.  It  is  indisputable  tliat  the  process  of  rock  decomposition  is  an 
asymptotic  one  and  at  least  roughly  represented  l)y  the  simple  exponential, 
while  every  efrnrt  has  Ik'CU  made  to  select  for  the  first  computation  the 
highest  reasonable  values  for  N /my  and  y/A.  All  the  estimates  would  be 
greatly  reduced  if  a  primitive  salinity  of  the  sea  or  the  former  existence 
of  land  areas  in  the  great  oceanic  basins  were  assumed.  Those  who  do  not 
feel  obliged  to  accept  either  of  these  hypotheses  may  perhaps  agree  in  my 
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satisfy  the  partial  differential  equation  when  c,  t\^  and  V  are  constants, 
as  mav  easily  be  tested  bv  differentiation.  If  r  =  0  thev  reduce  to  the 
forms  used  by  Kelvin.  Here  t',,  represents  the  constant  temperature  at 
the  surface  of  the  cooling  mass  and  V  the  initial  temperature  of  the  cool- 
ing mass  at  an  infinitesimal  distance  from  the  surface.  As  will  he  proved 
in  the  next  paragraph,  c  is  the  constant  initial  temperature  gradient. 

From  the  equations  themselves  it  can  be  at  once  determined  what 
boundary  conditions  are  implied.  When  ^  —  0,  tlie  upper  limit  of  the  inte- 
gral in  (2)  becomes  infinite,  and  the  value  of  the  integral  itself  is  then 
V7r/2;  consequently  when  t  =  0  and  a:  is  a  positive  quantity,  the  initial 
distribution  of  temperature  in  the  real  solid  is  represented  by 

v  —  Vf^  =  V-\-  ex 

while  in  the  imaginary  solid  replacing  outer  space  at  the  same  instant 

v  —  v^=  —  (V  +  cx) 

Hence  equations  (1)  and  (2)  fulfil  the  conditions  demanded  by  the 
modified  problem  under  discussion,  and  represent  the  cooling  of  a  body  in 
which  the  initial  temperature  increased  from  the  surface  value,  V,  in 
simple  proportion  to  the  depth,  x. 

The  superficial  temperature  gradient  at  any  time  is  found  by  making 
.?;  =  0  in  (1)  and  is  expressed  by 

In  Kelvin's  solution  this  quantity  as  well  as  #c  and  V  is  regarded  as 
known,  while  c  is  made  equal  to  zero,  so  that  (3)  gives  the  required  age. 
In  1862  it  seemed  both  unobjectionable  and  inevitable  to  rely  on  the  sur- 
face gradient  determincil  by  o])servation  in  determining  the  age  of  the 
earth ;  but  it  is  now  known  that  thi^  gradient  is  affected  by  radioactivity, 
and,  therefore,  that  it  cannot  be  trusted.  It  is  the  special  purpose  of  this 
paper  to  dispense  with  the  employment  of  the  surface  gradient.  This  will 
be  accomplished  by  taking  advantage  of  Mr.  John  F.  Hayford's  level  of 
isostatic  compensation,  which  lies  far  below  the  level  at  which  radio- 
activity can  affect  th.e  supply  of  heat. 

If  appropriate  values  of  il:e  constants  can  be  found,  equations  (1)  and 
(2)  can  be  computed  for  any  desiied  age,  and  this  computation  is  an  easy 
task  because  the  value  of  the  definite  integral  in  (2)  has  been  tabulated 
l)y  various  mathematicians,  the  most  complete  table  being  by  Mr.  James 
Burgess  and  printed  in  1900.* 

Kelvin  employed  a  diifusivity,  k,  of  400,  using  the  British  foot  and  the 
year  as  units.  In  c.  g.  s.  units  this  would  be  0.01178.  This  value  was 
obtained  from  experiments  on  the  trap  rock  of  Calton  Hill,  the  sand  of  an 

>  Trana.   R.  S.   Edinburgh,  vol.  3J),  1900,  p.   257. 
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[>ensation  is  uniformly  distributed  and  is  complete  at  a  depth  of  114  kilo- 
meters or  71  miles  from  the  surface.* 

1,  therefore,  adopt  the  hypothesis  that  the  tangent  of  the  temperature 
curve,  or  equation  (1),  is  parallel  to  the  diabase  line  at  114  kilometers 
from  the  surface. 

V  is  the  value  of  the  original  temperature  of  the  earth  at  its  surface. 
As  was  pointed  out  above,  this  must  have  been  high  enough  to  fuse  rocks 
more  refractory  than  diabase  and  was  probably  about  equal  to  the  tem- 
perature of  the  hottest  eruptions  which  now  reach  the  surface  of  the 
earth,  ft  seems  to  me  that  1300°  is  a  rcas^mable  estimate.  This  is  con- 
siderably below  the  melting  point  of  pure  iron  and  lower  than  the  blast 
furnace,  but  above  the  melting  point  (»f  copper  (100")°),  which  lavas  are 
known  to  fuse,  and  of  Barus's  diabase  (1170°).  So  far  as  I  know,  no 
precise  determinations  have  yet  been  made  of  the  tempL*ratures  at  which 
lavas  issue  from  their  vents. 

To  make  the  use  suggested  above  of  the  level  of  isostatic  compensation 
let  its. depth  be  represented  by  x,  and  in  equation  (1)  let  (dv/djr)^  =  p, 
the  gradient  of  tlie  diabase  line.  Then  since  p  also  appears  in  the  value 
of  f.  p  disappears  and  (dv/d.c)^  —  c  = 

V-h  V       -x\/i>ct 

On  the  assumptions  here  made  this  equation  determines  the  age  of  the 
earth  and  this  age  is  imlependent  either  of  the  gradient  of  Mr.  Barus's 
diabase  line  or  of  the  initial  temperature  gradient.  The  constants  in- 
volved are  the  initial  surface  temperature  (F),  the  melting  point  of 
diabase  at  the  earth's  surface  (h),  the  diffusivity  (x),  the  distance  from 
the  surface  of  the  top  of  the  diabase  couche  (nr)  and  the  depth  of  the 
level  of  isostatic  compensation  (.r,).  The  surface  temperature  gradient 
does  not  in  any  manner  enter  into  this  expressi(m,  whicli  is  thus  wholly 
distinct  from  that  employed  to  determine  the  age  by  Kelvin. 

Xlmerical  Hksults. 
Solving  for  V  and  substituting  the  numerical  values  for  tt,  k,  r  and  .r^ 

'^^^'^^  1    _       1       /._721,720n    -laoo^xio- 

V  ~    1170^  \  ^t       ^' 

in  which  //  is  left  indeterminate  to  facilitate  any  variations  in  the  depth 
of  the  top  of  the  diabase  couche  thought  desirable.  The  form  of  the 
equation  is  such  that  /  is  almost  necessarily  t^iken  as  the  independent 
variable,  but  that  is  of  no  cons<Mpience. 

'  Hep.   to  loth  (fcnoral  oonforence  of  the  International  Gcodf-tic    \ss  'C,  Wa?hinKt«»n,   1906. 

In  the  Coast  and  Owdetic  Surv.  Reiwrt  on  the  Ficrurc  of  the  Earth  and  Isostasy,  1909,  Mr.  Hay- 
ford  irives  the  depth  of  (x.mpensation  ("  sohition  G  ")  at  113.7  kilometers.  In  my  paper  in  Science. 
vol.  27,  11XW»,  p.  227.  this  depth  was  stated  by  a  blunder  in  copying  at  1*^  kilometers,  but  the 
correct  value  was  used  in  the  computations. 
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out  employing  as  a  datum  any  observed  superficial  temperature  gradient, 
yields  results  which  can  hardlv  be  forced  alx)ve  TO  million  or  below  55 
million  years.  The  weak  point  here  is  our  ignorance  of  the  depth  of  the 
top  of  the  diabase  couche ;  but  if  Laplace's  law  of  density  holds  true,  the 
limits  would  be  about  65  and  55  million  vears. 

These  three  methods  seem  to  be  mutually  confirmatory  and  to  give 
results  which  converge  towards  some  value  near  60  or  perhaps  65  million 
vears. 

This  being  granted,  it  follows  that  radioactive  minerals  cannot  have  the 
great  ages  which  have  been  attributed  to  them.  Only  something  like  a 
tenth  of  the  heat  emitted  by  the  earth  can  be  ascribed  to  radioactivity 
plus  all  other  exothermic  chemical  transformations;  the  remaining  nine- 
tenths  is  heat  due  to  compression. 
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zi'.z,  ri:>7,-5  :>.■%  nth-^r  pr'rr,:::^*  sirwih  4Ct:i:'r::p«iiTinz  iri-e  iicctiont  of  Mr. 
S.  H-  Corcj^->iaIe  -n  'jjt  iz,iesz^  boms  of  a  hirtcc^e?!  in  Xarore,  ToL 
'S^,  I^5r».  p,  l^-X  Tifs  fkrrtcr.  ••::? ers  in  5«>=:-r  p*nieiilAr5  frpsi  ihe  preaeni 
atfrcirr.*;!:.* :  i:  f  ^r*s  :r.e  lAirae  n^ES  &£  fitgi-e  and  cc-rcinz  fpc-m  ail  pans 
acd  iic^  of  tL<&  bf.r3*.  vliLle  in  the  :>7e<ent  sDecimoi  tbev  are  more  or  les 
vTiK'h^:^  aL'i  3ca:tiri  togpther.  ihoTish  a  fe^r  single  mbes  were  found; 
ttor^  ;.T.>or:ant  tr.ari  this,  th^  :>resenr  n<cimenf  were  conrned  lo  the  side 
of  thft  T.OTTL  wr::cr.  'lai  erii^nilj  been  toward  ihe  groan*i.  and  besides 
particles  of  the  :.om  they  had  incorporated  in  ihesa  a  g-'»i  proportion  of 

earth.    The  exDianation  of  this  mar  be  that  Mr.  Coraii*3caIe'«  boma  hate 

.  •  * 

become  infested  while  or  jnft  oefore  ther  were  loxed  for  shipment  and 
that  ihe  larraEr  constructed  their  tnbes  in  different  directions,  dne  to  the 
vaniLg  podtion  of  the  box,  which  was  no  donbt  frequently  changed  during 
transit. 

While  the  present  cases  presnmably  are  the  work  of  Jiiun  rasiella 
ZellAT,  which  seems  to  be  common  everywhere  in  Africa,  and  which  ii 
credited  with  a!l  the  recorded  infestations  from  Africa,  it  shotild  be 
remembered  that  other  species  of  the  genns  have  similar  habits,  and  that 
more  than  one  species  may  ^k-  involved.  Stainton  described  one  species. 
Tinea  ori^nialis,  bred  from  horns  in  Singapore,  and  the  writer  has  seen 
similar  work  in  horns  of  domestic  cattle  lying  on  the  groimd  at  Fajardo, 
Porto  Rico;  in  fact  the  habit  is  parallel  with  and  very  similar  to  thoae  of 
the  common  tubemaking  cloth  moth  Tinea  peUionella  Linn^. 
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CROCIDURA  ALPINA,  new  species 

T)rpe  from  the  west  slope  of  Mt.  Kenia,  altitude  10,000  ft.,  Brit- 
ish East  Africa ;  adult  female ;  number  163089,  U.  S.  Nat.  Mus. . 
-collected  by  J.  A.  Loring,  October  4,  1909 ;  original  number  7728. 

Coloration. — ^Dorsal  coloration  Prout  brown,  changing  on  lower 
sides  gradually  to  the  buffy  gray  of  the  under  parts.  Feet  lighter, 
wood  brown.  Tail  above  like  back;  below  light  buffy,  but  not 
sharply  bicolor. 

Measurements. — Head  and  body,  65  mm.;  tail,  39;  hind  foot,  11. 
Skull:  condylo-incisive  length,  16.2;  breadth  of  brain-case,  7^5; 
depth  of  skull  at  bullae,  4.6;  length  of  upper  toothrow,  7. 

This  species  is  closely  allied  to  allex,  from  which  it  may  be  dis- 
tinguished by  its  much  flatter  skull  (one-half  millimeter  less),  rela- 
tively small  upper  middle  incisor,  and  by  its  bicolor  tail  and  lighter 
coloration  generally. 

It  is  surprising  to  find  this  pygmy  shrew  in  the  alpine  region  of 
Kenia.  The  closelv  allied  allex  inhabits  the  lake  district  of  Nai- 
vasha,  the  intermediate  region  about  the  base  of  Kenia  being  in- 
habited by  the  much  larger  hildegardece.  The  range  of  this  species 
extends  from  10,000  to  13,700  ft. — that  is,  from  the  upper  limit  of 
the  bamboo  forest  to  the  lower  part  of  the  g^ant  Senecio  zone. 
Through  most  of  this  extent  it  is  associated  with  the  giant  Croci- 
dura,  C,  nyansce,  attaining,  however,  a  somewhat  higher  altitude 
than  this  species.  I 


SMITHSONIAN  MISCELLANEOUS  COLLECTIONS 

E  9t,  NUMBER  10 


NEW  LANDSHELLS  FROM  THE  SMITH- 
SONIAN AFRICAN  EXPEDITION 


WILLIAM  HEALEY  DALL 


(PUBUCATIOH  IMS) 


CITY  OF  WASHINOTON 

PUBLISHED   BY   THE  SMITHSONIAN   INSTITUTION 

July  22,  19)0 


WASHINGTON,  0.  C. 
ratlt  Of  JUDD  *  DVrWKIUOt,  inc 

IQTO 


«MITMiUN(AK    ttltCKLLftSfJJVt   (riLLF.CTlQNS 


"L* 


i>tMtf|/.  *lM/rt  iiu:iuim»,  tMidi»K  in  the  tanK  direction :  soton 
■furlwii,  iiutrr  'tr  U-hk  rmnutely  undulated  b)'  the  sculptnrc;  i 
iiirtiilrd.  ttir  Uat  hliiftilly  descending  toward  the  aperture,  the  base 
*wttttfu,  with  ito  iinibrlicuk;  the  afjerture  rounded-quadrate,  stroogh 
rx|>tn4«d  Mild  rrfltrtcd,  thinigh  with  only  a  thin  glaze  orer  tiie  bodr ; 
iNTiHl'Miir  yptUfwikli  while,  the  throat  purple-brown,  or  both  may  be 
lltfliirr  in  iwime  i>|trnmenii ;  pillar  shrTt.  stout,  straight,  with  no  faicfi- 
lultoii  i,{  H  fold,  thf  lip  behind  it  heavy  and  folded  over  on  the  base. 
llci|[lit  of  itliel).  ,).i.o;  of  lam  whorl.  22.0;  of  aperture,  19.0;  max 
(llaiiirirr,  20.5  mm. 

Collated  by  U.  0>l.  K.  A.  Mcarni.  on  Mt,  Kenia,  at  the  height 
•  >|  H,oo((io  10.500  f«vl  Jilx.vr  the  M-a.     t'.  S.  N.  Mus.  No.  214,300. 
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MiKilltM.  liiiviiis  iilvim  -ix  wliorls  in  all.  with  similnr  hiit  mure  deli- 
■  iHc  sinliHiitf!'.  lUi-  -utiiii-  ol"  iho  last  wliiirl  appii-SM-il.  the  color  gen- 
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the  next  reconstruction.    The  duodenum  extends  only  a  short  dis- 
tance caudad  to  this  point  and  then  opens,  aip,  to  the  yolk-sac. 

The  yolk-stalk,  or  unclosed  region  of  the  enteron,  is  still  of  con- 
siderable extent,  though  its  exact  boundaries  are  not  easy  to  deter- 
mine. The  distance  between  the  anterior  and  posterior  intestinal 
portals  is  approximately  shown  in  the  figure  under  discussion. 

The  hindg^t  is  cylindrical  in  cross  section  and  of  about  the  same 
diameter  throughout,  except  for  a  slight  enlargement  in  the  cloacal 
region. 

The  post-anal  gut  is  not  shown  here ;  it  will  be  described  in  con- 
nection with  the  next  reconstruction  where  it  is  figured. 

Figure  6  is  a  surface  view  in  profile  of  an  embryo  of  the  next 
stage  to  be  studied.  The  manus  and  pes  are  here  well  developed, 
and  the  general  development  of  the  embryo  is  in  considerable  ad- 
vancement over  the  last  stage  studied. 

Figure  6a  represents  a  reconstruction,  from  a  series  of  transverse 
sections,  of  the  enteron  of  an  embryo  of  about  the  age  of  the  one 
shown  in  figure  6.  The  outlines  of  the  entire  embryo,  of  the  eye,  e, 
and  of  the  anterior,  aa,  and  posterior,  pa,  appendages  are  shown  by 
broken  lines.  Its  position  being  coincident  with  that  of  the  stomach, 
liver,  and  pancreas,  the  anterior  appendage  can  scarcely  be  seen. 
The  enteron,  including  one  lung  only,  for  the  sake  of  simplicity,  is 
shaded  solid  black,  while  the  liver  and  pancreas,  with  their  ducts, 
are  outlines  with  unbroken  lines.  As  in  the  preceding  reconstruction 
no  attempt  is  made  to  show  the  gill  clefts,  and  only  the  dorso-ventral 
profile  of  the  enteron  is  shown.  Caudad  to  the  pharynx,  the  enteron 
being  more  or  less  cylindrical  in  section,  this  profile  gives  a  good 
idea  of  its  shape,  but  in  the  pharyngeal  region,  where  the  lateral 
diameter  is  so  much  greater  than  the  dorso-ventral,  the  reconstruction 
gives  but  a  poor  idea  of  the  size  of  that  part  of  the  enteron. 

The  widely-open  mouth,  vi,  leads,  with  no  line  of  demarkation, 
into  the  pharynx,  ph,  which  is  of  irregular  outline  and,  as  has  been 
said,  of  much  greater  lateral  than  dorso-ventral  diameter. 

The  pharynx  becomes  gradually  constricted  to  form  the  oesoph- 
agus, oe,  a  very  long  and  slender  structure,  which,  as  will  be  seen 
in  cross  section,  is,  at  this  stage,  solid  for  the  greater  part  of  its 
length.  As  in  the  case  of  the  pharynx,  the  lateral  diameter  of  the 
oesophagus  is  generally  greater  than  the  dorso-ventral  diameter. 

From  the  floor  of  the  caudal  part  of  the  pharynx  is  pushed  out  the 
trachea,  ta.  In  the  reconstruction,  especially  in  the  anterior  end, 
the  trachea  appears  several  times  the  dianieter  of  the  oesophagus; 
this  is  due  to  the  great  thickness  and  indefiniteness  of  its  walls  rather 
than  to  a  greater  diameter  of  its  lumen. 
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forms  the  greater  part  of  their  thidcness.  muscle  fibers  are  begimnsg^ 
to  differentiate.  The  epithelial  layer  also  is  thicker  than  in  the 
fjesophagus;  it  consists  of  tall  columnar  cell-  that,  at  places,  arc 
throHTi  into  small  folds.  fig:ure  71.  These  folds,  even  under  the 
low  magnification  used,  are  more  evident  than  is  shown  in  the 
present  figure.  The  pylorus,  /►y.  is  wide  and.  as  has  been  noted  in 
connection  with  figure  7.  is  situated  far  cephalad  to  the  caudal  end 
of  the  stomach.  It  opens  into  the  side  rather  than  into  the  end  of  the 
du<'xlenum.  which  projects  cephalad  as  a  short  blind  pouch,  d.  The 
stomach  and  duodenum,  in  this  section,  are  almost  completely  sur- 
rounded bv  the  liver,  /i. 

Figure  jd  represents  a  section  through  the  plane  680  of  figure  7. 

The  stomach,  r',  which  is  cut  through  its  middle  region,  is  some- 
what larger  than  in  the  preceding  figures,  though  its  walls  have 
afx^ut  the  same  character.  Its  outer  walls  are  continuous,  to  a  con- 
siderable extent,  with  the  tissue  of  the  surrounding  body  wall,  espe- 
cially in  the  region  just  caudad  to  the  plane  of  the  present  section. 

The  du^^xJenum,  l>eing  cut  through  a  double  loop  ( see  figure  7),  is 
seen  in  two  places,  dorsally  where  it  is  cut  through  the  edge  of  one 
kxn>,  and  ventrally  where  it  is  cut  square  across.  In  both  sections 
the  structure  is  the  same,  as  might  be  expected,  figure  7J.  The  sur- 
nnmding  mesoblast  is  cliflferentiated  into  muscle  fibers,  figure  7J,  »i/. 
which  form  a  fairlv  distinct  laver;  inside  of  this  laver  is  a  tall 
cohimnar  epithelium,  cp\  which  is  thrown  into  prominent  folds.  A 
thin  layer  of  mesoblast,  probably  the  submucosa.  si,  lies  beneath  the 
ej^ithclinm  and  prrjjects  up  into  the  folds.  About  ten  or  twelve  folds 
are  seen  in  any  fine  section  ;  only  the  larger  ones  are  well  seen  in 
figure  7D. 

Figure  yv.  shows  a  section  through  the  plane  770  of  figure  7. 
It  is  in  the  regirm  of  the  umbilicus,  11,  and  the  extreme  caudal  end  of 
the  stomach  which  lias  been  called  the  gizzard,  ^z.  The  small  size 
of  the  gizzanl  is  due  to  its  being  cut  near  its  caudal  margin.  The 
enteron  is  here  cut  in  no  less  than  seven  places:  the  reason  for  this 
will  be  evident  on  examination  of  the  plane  of  the  section  as  shown 
in  ^\i^ur{:  7.  Dorsal  to  the  gizzard  the  section  cuts  the  so-called 
caecum,  cc,  a  little  nearer  its  anterior  end  than  is  shown  in  figure  7. 
The  duodenum,  d,  is  cut  at  five  points,  and  has  about  the  same 
structure  as  in  the  preceding  figure.  The  character  of  the  duodenal 
Icjops  that  causes  the  rather  curious  appearance  of  the  present  figure 
will  be  readily  understcKxl  by  reference  to  figure  7,  though  the 
recrm  St  ruction  is  not  mathematically  accurate.  The  ventral  pro- 
jection of  the  lower  loops  of  the  duodenimi  into  the  umbilicus  is  seen 
both  in  the  present  figure  and  in  the  reconstruction.     The  loop  of 
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DESCRIPTION  OF  FIGURES  i-8,  PLATES  1-15 

The  surface  views  were  drawn,  under  the  author's  direction,  by  Miss  C.  M.  Reese.  The 
first  two  of  these  views  were  copied,  by  permission,  from  S.  F.  Clarke;  the  others  were 
drawn  from  the  specimen^  themselves. 

All  of  the  figures  of  any  one  stage  are  given  the  same  number,  followed  by  distinguish* 
ing  letters,  so  that  it  is  possible  to  tell  at  a  glance  what  figures  belong  together. 

All  of  the  figures  except  those  from  Clarke  wt^re  drawn  under  a  camera  lucida. 

Figure  i.  A  surface  view  of  an  embryo,  from  the  dorsal  aspect,  at  the 
beginning  of  the  formation  of  the  enteron. 

Figure  ia.  A  sagittal  section  of  an  embryo  of  approximately  the  age  of  the 
one  shown  in  figure  i.    X  43. 

Figure  2.  A  dorsal  view  of  an  embryo  with  five  pairs  of  mesoblastic 
somites. 

Figure  2A.     A  sagittal  section  of  an  embryo  of  the  stage  shown  in  figure  2. 

X43. 

Figure  2B.  A  transverse  section  through  the  headfold  of  an  embryo  of  the 
stage  shown  in  figure  2.    X  43- 

Figure  3.  A  dorsal  view  of  an  embryo  with  about  fifteen  pairs  of  somites. 
X20. 

Figures  3A-3D.  A  series  of  transverse  sections  through  an  embryo  of  the 
stage  of  the  one  shown  in  figure  3.  X  43- 

Figure  4.  A  surface  view  of  an  embryo  with  about  twenty  pairs  of  somites. 
X  (about)  15. 

Figures  4A-4D.  A  series  of  transverse  sections  through  the  anterior  end  of 
an  embryo  of  the  approximate  age  of  the  one  shown  in  figure  4.    X  20. 

Figures  4E  and  4F.  Two  transverse  sections  through  the  thyroid  gland  of 
this  stage ;  more  highly  magnified.    X  102. 

Figures  4G-4M.  A  series  of  transverse  sections  caudad  to  the  preceding. 
Figure  4H,  X  43 ;  other  figures,  X  20. 

FigHJre  5.  A  surface  view,  in  profile,  of  an  embryo  at  the  time  of  the  origin 
of  the  limbs.    X  (about)  5. 

Figures  5A-51.  A  series  of  transverse  sections  through  an  embryo  of  the 
age  shown  in  figure  5.     X  7- 

Figure  SJ.  A  composite  drawing  of  reconstructions  of  the  enterons  of  two 
embryos  of  the  age  of  the  one  shown  in  figure  5.  One  reconstruction  was  in 
wax,  from  sagittal  sections,  the  other  was  a  plotted  reconstruction  from 
transverse  sections.    X  14. 

Figure  6.  A  surface  view,  in  profile,  of  an  embryo  with  well  developed 
manus  and  pes.     X  (about)  5. 

Figure  6a.  A  reconstruction,  plotted  from  transverse  sections,  of  the 
enteron  of  an  embryo  of  about  the  age  of  the  one  shown  in  figure  6.     X  I4- 

Figures  6b-6h.  Part  of  a  series  of  transverse  sections  from  which  the 
preceding  reconstruction  was  made.    X  7- 

Figure  7.  A  reconstruction  of  the  enteron  of  an  embryo  of  42  mm.  crown- 
rump  length. 

Figures  7A-7G.  A  part  of  the  series  of  transverse  sections  from  which  the 
preceding  reconstruction  was  made.    X  7- 
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Figure  7H.  A  high  power  drawing  of  a  portion  of  the  wall  of  the  oesoph- 
agus in  the  region  of  figure  7a.    X  190. 

Figure  71.  A  high  power  drawing  of  a  portion  of  the  wall  of  the  stomach 
in  the  region  of  figure  yc 

Figure  7J.  A  high  power  drawing  of  a  portion  of  the  wall  of  the  duodenum 
in  the  region  of  figure  70. 

Figure  8.  An  outline  drawing,  from  the  ventral  aspect,  of  the  enteron  of 
an  embryo  of  20  cm.  length,  at  about  the  time  of  hatching;  made  from  a 
dissection.     X  i. 

Lettering  for  all  Figures 


a,  head-fold  of  amnion. 
aa.  anterior  appendage, 
ac,  anterior  cardinal  vein. 
aip,  anterior  intestinal  portal, 
ti/,  allantois. 
an,  anterior  nares. 
ao,  aorta. 
ar,  aortic  arch. 
au,  auricle. 
h,  bulbus  arteriosus. 
be,  body  cavity. 
bd,  bile  duct. 

bd\  opening  of  bile  duct  to  liver. 
W,    opening   of   bile    duct    to    duo- 
denum. 
blp,  blastopore. 
bp,  basilar  plate. 
bs,  bile-sac. 
b^',  blood  vessel. 

c,  centrum  of  vertebra. 
ca,  caudal  artery. 

cc,  caecum. 

ch,  cerebral  hemisphere. 

cl,  cloaca. 

cm,  circular  muscle  layer. 

en,  cranial  nerve. 

ep,  posterior  choroid  plexus. 

ev,  cardinal  vein. 

d,  duodenum. 

de,  ductus  Cuvieri. 

di,  diverticulum  of  stomach. 

c,  eye. 

ec,  ectoderm. 

cc',  thickening  of  ectoderm. 

en.  entoderm. 

en',  endocardium. 

ent,  enteron. 

ep.  epidermal  layer  of  ectoderm. 

ep',  epithelium. 

epi.  pineal  body. 


es,  embryonic  shield. 

/,  fronto-nasal  process. 

fb,  forebrain. 

fg,  foregut. 

g^-^,  gill  clefts. 

gf^-%  gill  folds. 

gl,  glomerulus. 

It,  head- fold. 

gs,  glottis. 

gc,  gizzard. 

hb,  hindbrain. 

/if,  head  cavity. 

hg,  hindgut. 

lit,  heart. 

I.  intestine. 

»'.  stomach. 

1/,  large  intestine. 

in,  infundibulum. 

io,  intromittent  organ. 

ir.  iris. 

it,  iter. 

k,  kidney. 

la.  larynx. 

li,  liver. 

hn,  longitudinal  muscle  layer. 

hi.  lens. 

^h  ^P'f  etc.,  loops  of  intestine. 

lu,  lungs. 

h\  lens  vesicle. 

m,  mouth. 

ma.  manus. 

mb.  midbrain. 

mc.  medullary  canal. 

me',  tip  end  of  medullary  canal. 

md.,  mandibular  folds. 

mes,  mesoderm. 

mes'y  myocardium. 

mf,  medullary  fold. 

mg.  medullary  groove. 

mk,  Meckel's  cartilage. 
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m/,  muscle  layer. 

mp,  muscle  plate. 

tnSf  mesentery. 

mv,  meatus  venosus. 

mx,  maxillary  fold. 

tnyc,  myocoel. 

ft,  nasal  cavity. 

na,  neural  arch  of  vertebra. 

nc,  neurenteric  canal. 

nl,  nervous  layer  of  ectoderm. 

nt,  notochord. 

o,  ear  vesicle. 

oc,  optic  cup. 

oe,  oesophagus. 

OH,  optic  nerve. 

OS,  optic  stalk. 

ov,  optic  vesicle. 

p,  pituitary  body. 

pa,  posterior  appendage. 

pogf  post-anal  gut. 

pan,  pancreas. 

Pan\  opening  of  pancreas. 

pc,  posterior  cardinal  vein. 

pe,  pes. 

Pg,  primitive  groove. 

ph,  pharynx. 

pip,  posterior  intestinal  portal. 

pi,  pelvis. 

pn,  posterior  nares. 

pr,  pericardial  cavity. 

ps,  primitive  streak. 

pt,  pecten. 

Py,  pylorus. 

r,  rib. 

rt,  retina. 


s,  somites. 
sc,  spinal  cord. 
se,  spenethmoid  cartilage. 
sg,  spinal  ganglion. 
si,  submucosa. 
sm,  splanchnic  mesoblast. 
sn   spinal  nerve. 
so,  somatic  mesoblast. 
st,  stomodaeum. 
sy,  sympathetic  nervous  system. 
/,  tail. 
ia,  trachea. 
tg,  thyroid  gland. 
tn,  tongue. 
to,  tooth  anlage. 
,tr,  trunchus  arteriosus. 
tv,  tv\  third  ventricle  of  brain. 
ly,  thymus  gland. 
u,  umbilical  stalk. 
v\  v'\  v"\  first,   second,   and   third 

cerebral  vesicles. 
va,  vascular  area. 
vc,  vocal  cords. 
vm,  vitelline  membrane. 
vn,  ventricle  of  heart. 
vp,  velum  palitum. 
w,  vitelline  blood  vessels. 
wd.  Wolffian  duct. 
wdo,  opening  of  Wolffian  duct. 
wr.  Wolffian  ridge. 
wt.  Wolffian  tubule. 
X,  point  of  origin  of  bronchi. 
y,  yolk. 
ys,  yolk-stalk. 
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I.   INTRODUCTION 

When  I  began,  some  two  years  ago,  to  investigate  intimately  the 
flying  apparatus  of  the  Diptera,  I  intended  to  make  it  a  comparative 
study ;  but,  on  obtaining  an  insight  into  the  literature  on  the  flying 
organs  of  insects,  I  abandoned  this  idea  because  I  found  the  neces- 
sary foundation  for  a  comparative  work  wanting:  there  does  not 
exist  a  single  exact,  perspicuous  and  well-illustrated  description  of 
a  Dipterous  insect.  I  determined,  therefore,  to  confine  my  studies 
to  a  careful  examination  of  the  organs  of  flight  in  a  single  species. 

An  examination  of  the  literature  of  the  subject  showed  me  how 
inexact  the  illustrations  are  and  how  difficult  it  is  to  use  them  to 
any  advantage  in  determining  the  parts  of  the  actual  object.  From 
the  rough  and  almost  useless  drawings  of  Lowne  (1890-1895)  to 
the  beautifully  executed  but  quite  schematic  plates  of  Kiinckel  ( 1875- 
1881),  there  is  nothing  that  really  approaches  nature. 

In  order  to  avoid  the  mistakes  of  my  predecessors  I  made  use  of 
photography  for  the  graphic  representations.  This  had  not  hitherto 
been  done,  and  indeed  it  seemed  unlikely  that  it  would  be  possible 
to  obtain  good  photographs  of  the  thorax  and  wing-skeleton  on 
account  of  the  yellow  color  of  the  chitin  forming  the  hard  parts, 
and  the  apparent  impossibility  of  obtaining  sharp  definition  upon  the 
plate  of  all  parts  of  such  plastic  bodies  as  are  found  in  the  skeleton 
of  the  flying  apparatus. 

After  many  unsuccessful  attempts  I  finally  succeeded,  by  means  of 
plates  ("color")  sensitive  to  yellow  color  and  a  Zeiss  binocular, 
in  producing  stereoscopic  views  true  to  nature  in  every  particular 
except  that  of  color  (see  the  section  on  material  and  methods  of  re- 
search). Some  schematic  drawings,  especially  of  muscles,  were  nec- 
essary for  further  elucidation. 

The  movement  of  the  wings  was  studied  by  means  of  kymo- 
graphic  curves  and  serial  photographic  representations  of  Calliphora 
vomitoria  in  the  act  of  flight,  made  by  Prof,  von  Lendenfeld. 

I  abandoned  my  original  intention  to  introduce  a  nomenclature 
applicable  alike  to  all  higher  insects,  because  I  recognized  that  that 
could  properly  be  done  only  by  means  of  very  extensive  studies  in 
comparative  anatomy  and  embryology.  I  had,  therefore,  to  content 
myself  with  selecting  from  the  names  already  in  use  those  which 
appeared  to  me  most  suitable ;  such  old  appellations  as  were  directly 
contrary  to  the  truth  being  replaced  by  new  terms.  At  the  same 
time  I  allowed  myself,  especially  in  the  designation  of  parts  not 
hitherto  named,  to  be  guided,  as  was  F.  Voss  (1905),  by  the  prin- 
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IIL    DESCRIPnOK 

A    a:catomic\l  section 

J.  MA7£i::.-L  A3n>  Metecos  or  Research 

Ai  an  objfj^t  of  hrrtritieation  the  bjow-rj,  CaHitkc^a  z^ywtitona, 
wa^  rhieflv  u^jed.  tJjt  y^yryYA'^^  l^ng  also  sr^died  naodemallv.  The 
blow-fly  wa^  Mri^rcted  Ixrca'jsc  h  :?  tarihr  proczred  in  larire  nmnbers 
and  ib  of  considerablt  rizt.  Bcsidts.  this  spedcs  appeared  as  a 
favorable  6b;ect  r^ecairvc  of  thse  TtT>-  strong  dcvcloprncm  of  its 
skeleton. 

The  firu  inve^tigationr  were  made  with  an  ordinary  microscope. 
but  the  inadcr^uac>'  of  this  apparatus  socn  became  apparent,  and 
later  <m\y  the  InnocuhiT  v.as  used.  The  skeleton  was  stndied  in 
preparati^^^js  in  which  the  ?oft  pans  had  been  removed  with  liquor 
potassae.  The  Jx:.st  results  are  obtained  when  the  thoracic  segments 
required  are  left  at  ordinary  temf>crature  about  a  week  in  a  50  per 
cent  solution  of  the  alkali.  Boiling  in  the  same  liquid  removes  the 
muscles  at  once,  but  this  method  has  the  great  disadvantage  of 
causing  the  chitin^^nis  part^.  chiefly  the  membranes  and  ligaments, 
to  shrink.  If  the  preparation  appears  to  be  too  dark  it  can  be 
bleached  by  long  immersion  in  50  per  cent  liquor  potassae.  Rapid 
bleaching  may  lje  attained  by  means  of  a  mixture  of  chlorate  of 
potash  and  a  little  hydrochloric  acid. 

Ordinary  Canada  balsam  preparations  of  the  smaller  and  thinner 
parts  can  be  made  without  any  difficulty.  The  preparations  of 
larger  parts,  such  as  median  sections  of  the  thorax,  were  made  in 
the  {fallowing  manner.  Small  glass  dishes  with  base  ground  flat 
were  filled  with  Canada  ]>alsam  dissolved  in  chloroform,  and  this 
was  boiled  until  bubbles  ceased  to  rise.  The  specimen  was  cleared 
up  with  oil  of  cloves  and  then  immersed  in  the  balsam  while  the 
latter  was  still  warm  anrl  soft.  It  was  then  properly  oriented  and 
protected  with  a  cover-glass. 

Wings,  before  being  placed  in  the  balsam,  were  boiled  in  chloro- 
form according  to  Walter's  method  (1907).  and  thus  the  tracheae 
(veins)  were  freed  from  air. 

Series  of  celloidin-sections  were  prepared  both  of  parts  previously 
treated  willi  li(juor  potas.siu  and  of  parts  simply  hardened  in  alcohol. 
bVoni  the  latter,  liowever,  no  good  sections  of  the  skeleton  and  the 
smaller  steering  muscles  could  be  obtained,  because  the  very  brittle 
chitin,  especially  in  the  complicated  articular  structures,  broke  be- 
fore llie  knife.     Wlien   the  chitin   was  bleached  and  softened  by 
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;nij/rof>i:/>.  houer/tr,  trjit  ±-««  thr«  p:«oes  are  primary  segments 
of  th'i  insert*  try^rax  ar.^  r^o:.  a?  Kszckei  and  Lc-ume  think,  parts 
of  the:  mtvAhoraz.  I  ir:"  tjA  here  parsce  this  qzMStion  farther, 
an'l  proviiioriar.v  accept  th-t  idea?  of  Kurckel  and  Lowne  in  spite 

of  mv  dr/ubt-  a«  t"-*  the:r  correctness. 

3,  Tufc  Skeleton  op  the  Thorax,  so  far  as  it  Relates  to  Fught 

The  part  of  the  thorax  mo*t  iniportant  for  flight  is  the  meso- 
thorax.  In  its  skeleton  we  may  distinguish  exoskeletal  and  endo- 
skcletal  parts. 

exoskeletal  parts 
These  arc  the  rnesonotum,  the  mesopleura  and  the  mesostemiim. 

The  Mesonotum 

The  mesonotum  consists  of  four  parts,  the  praescutum,  scutum, 
scutellum  and  postscutellum. 

The  prwscutum  (\)\.  i,  fig.  i ;  pi.  2,  figs.  3,  4;  pi.  8,  fig.  23;  ^),  to- 
gether with  the  scutum,  scutellum,  parapleurum  and  mesostemum, 
forms  a  group  of  the  largest  and  strongest  chitinous  plates  of  the 
thorax.  Beginning  in  the  region  of  the  cervical  opening,  the  prse- 
scutum  rises  vertically  upward,  assumes  near  the  limit  between  the 
first  and  second  third  of  its  length  a  horizontal  position,  and  at  the 
same  time  hroadcns  out.  From  the  angle  between  these  two  sur- 
faces backward  it  is  covered  with  hair.  The  hairs  are  directed 
backward  and  increase  in  length  toward  the  scutellum.  They  are  of 
two  kinds:  small,  fine  hairs  and  coarse  bristles.  The  latter  are 
arraii;^ed  in  irregular,  longitudinal,  and  transverse  rows.  On  the 
pra'scutum  six  longitudinal  and  three  transverse  rows  of  bristles 
can  usually  be  distinguished.  They  fall  out  when  the  thorax  is 
treated  with  li(]Ui>r  piUass.T.  and  their  places  of  attachment  then 
appear  as  ciicular  holes.  The  hairy  covering  of  the  back  appears  to 
be  especially  liable  to  injury.  The  small  hairs  also  are  often  missing 
in  nianv  j^laces.  their  jH>int.s  oi  attachment  appearing  as  small  dots. 
r\vt>  shallow,  lonj^itudinal  furrows  divide  the  pra^scutum  into  three 
/ones.  riu\se  are  continued  on  the  scutum  but  are  absent  on  the 
scutellum.  \  ent rally,  the  pnrscutum  is  separated  from  the  para- 
plcuunn  by  the  plvMnal  cleft.  Laterally,  toward  the  scutum,  tri- 
anjjulai  areas,  feebly  cliitini/ed  and  clear  in  appearance  (pi.  2,  fig. 
^0.  K^vder  on  the  i'>i,rsciUum. 
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consists  of  ti^'O  lobular  parts,  of  which  only  the  ventral  one  (tbe 
anterior  pracscuruni  of  Lo^Tie*  extends  right  down  to  the  root  of 
the  wing.  The  boundary  between  the  two  processes  is  formed  by 
the  cleft  that  runs  along  the  crista  spinalis.  The  ventral  portion 
of  the  processus  praealaris  passes  bekn^-  into  a  narrow  l^;anicntous 
band  that  thins  out  distallv.  and  is  attached  to  the  inner  side  of  the 
processus  pteralis  abe  2  <  the  coracoid  of  LowT«e,  pi.  8,  fig.  23.  /►/^)- 
The  processus  praealaris  and  postalaris  are  connected  with  each  other 
by  a  narrow,  chitinou?  ])ridge  which  is  ver>-  tender  and  easily  de- 
stroyed in  preparing  the  specimens  <p\.  8,  fig.  2^:  in  all  the  other 
illustrations  it  is  lost).  The  processus  postalaris  is  a  chitinous  strip 
which  decreases  in  size  opposite  the  root  of  the  \%nng,  and  has  at 
its  end  a  somewhat  deep  depression,  the  sella  processus  postalaris. 
In  this  lies,  at  an  angle  of  90  degrees,  the  proximal  notch  of  the 
pterale  A  (pi.  8,  fig.  24;  pi.  9,  fig.  25,  ptA).  Lowne  calls  the 
processus  praealaris  the  parascutimi.  I  have  found  no  evidence  that 
it  should  be  considered  as  a  separate  piece.  At  the  point  of  separa- 
tion of  the  ventral  and  dorsal  portions  of  the  processus  pnealaris  a 
small  finger-shaped  process,  the  processus  dact}loformis  (pi.  2,  figs. 
3,  4,  pd),  is  situated.  This  extends  dorsally  into  the  interior  of  the 
thorax. 

The  scutcllum  (p\.  i,  fig.  i  :  pi.  2.  figs.  3.  4,  se)  has.  when  looked 
at  from  above,  the  shape  of  an  equilateral  triangle.  The  sides  of 
this  triangle  are  convex,  and  one  of  its  corners  is  anal.  The  anal 
portion  overhangs.  The  scutcllum  is  beset  with  bristles  along  its 
edge  and  also  bears  two  bristles  on  its  back.  The  scutum  is  con- 
nected with  the  scutcllum  by  the  two  scutellar  bridges  (Lowne). 
Along  the  processus  postalaris  extends  a  cleft  which  widens  toward 
the  root  of  the  wing  to  form  the  foramen  postalare  (the  supratym- 
panic  fissure  of  Lowne:  pi.  2,  fig.  3,  o^V 

The  posiscutellum  (pi.  2.  f\g.  3,  ps)  is  cushion-shaped;  upon  it 
the  scutcllum  rests.  Toward  either  side  it  narrows  considerably. 
I  doubt  whether  the  postscutellum  belongs  to  the  mesothorax,  but. 
since  there  is  not  sufficient  evidence  in  favor  of  any  other  view,  L 
for  the  present,  accept  tliis  conception. 

The  Mesopleura 

Each  mcsopleiirum  is  made  up  of  the  parapleurum,  episternum, 
parepistcrnnm,  epimerum  and  parepimerum. 

The  parapleurum  (lateral  plate  of  Lowne;  pi.  2,  figs.  3,  4,  pp)  is 
nearly  quadrilateral.     It  is  separated   from  the  praescutum  by  the 
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transverse  (di).  Between  Ibm  and  lam  are  found  the  folds  Ham 
(division  vein),  Ibm  and  Illam. 

I  lap,  the  anal  vein  (same  figs.),  does  not  arise  from  the  knee  of 
the  wing,  as  is  shown  by  Lowne  in  his  illustration  (1890-1895,  v.  I, 
pi.  10,  fig.  i),  but  reaches  as  far  as  the  tau  of  Lowne,  that  is,  the 
inner  marginal  vein  of  the  lobulus  (L  c,  pi.  9,  fig.  25;  pi.  11,  fig. 
29,  ie).  It  articulates  with  a  branch  of  this  vein  by  a  protuberance 
at  its  base.  This  arrangement  acts  as  a  stop  that  prevents  the  anal 
portion  of  the  wing  from  flapping  too  far  downward.  The  anal 
vein  is  connected  with  the  knee  only  by  means  of  a  band  of  chitin 
which,  however,  is  not  visble  from  above  because  it  is  covered  by 
the  knee  of  the  wing.  The  anal  vein  is  connected  with  the  Ilbm  by 
the  transverse  anal  vein  (aq).  Between  the  two  last-named  longi- 
tudinal veins  lie  the  folds :  Illbm,  lap,  the  anonyma,  the  boundary 
between  the  area  media  and  the  area  postica,  and  Ibp. 

Ilbp,  the  axillary  vein  (same  figs.),  is  very  feeble;  it  can  just  be 
made  out  as  a  vein.  It  arises  at  the  tip  of  the  inner  marginal  vein 
of  the  lobulus,  with  which  it  forms  an  acute  angle.  The  last  fold 
is  Illap. 

The  longitudinal  and  transverse  veins  divide  the  wing  into  the 
following  fields  (Lowne,  1890-1895)  : 

The  regio  mediastinalis  between  gi  and  laa.^ 

The  regio  subcostalis  between  laa  and  Iba. 

The  regio  marginalis  between  Iba  and  Ilaa. 

The  regio  cubitalis  between  Ilaa  and  Illba. 

The  regio  praepatagialis  between  Illba  and  lam,  proximal. 

The  regio  subapicalis  between  Illba  and  lam,  distal. 

The  regio  apicalis  between  ^1  and  terminal  border,  distal. 

The  regio  anterior  basalis  between  lam  and  Ilbm,  proximal. 

The  regio  discoidalis  between  lam  and  Ilbm,  distal. 

The  regio  posterior  basalis  between  Ilbm  and  Ilap,  proximal. 

The  regio  patagialis  between  Ilbm  and  Ilap,  distal. 

At  the  posterior  border  of  the  wing,  in  the  regiones  subapicalis, 
apicalis,  discoidalis  and  patagialis  there  are  found  numerous  small 
transverse  folds,  which  extend  toward  the  posterior  border. 

All  the  veins  taken  together  appear  as  a  net  or  framework  com- 
posed of  tubes,  the  meshes  of  which  are  occupied  by  the  double 
hairy  lamella  that  forms  the  wing  plate.  The  lamella  of  the  wing 
has  a  certain  firmness.  This  prevents  the  posterior  part,  which  is 
not  supported  by  any  veins,  from  collapsing. 

*  I  use  the  term  regio  instead  of  area  (Lowne)  in  order  to  avoid  a  confusion 
with  the  terms  area  antica,  media,  etc. 
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migium  divides  into  three  separate  veins.  The  parts  of  these  veins, 
especially  of  Ilaa  and  Illba,  which  are  here  still  united,  passing 
through  the  flexible  zone,  are  lighter  colored  than  their  other  parts. 
This  lighter  coloring  is  caused  by  the  strong,  dark  chitin  being  here 
restricted  to  narrow,  transverse  belts,  separated  by  belts  of  similar 
width,  composed  of  weak  and  pale  chitin  (pi.  7,  figs.  20,  21,  22). 
This  portion  of  the  vein  is  similar  in  structure  to  the  ordinary 
tracheae  within  the  body,  except  that  the  strong  and  dark  chitin  does 
not  here  form  a  continuous  spiral  band,  but  transverse  belts  or  bars. 

5.  The  Articulation  of  the  Wing 

(PI.  8,  figs.  23,  24;  pi.  9,  figs.  25,  26.) 

The  skeletal  parts  forming  the  articulation  of  the  wing  can  be 
divided  into  three  groups : 

a.  The  thoracic  parts  (processus  pterales  thoracis), 

b.  The  intermediate  parts  (pteralia),  and 

c.  The  alar  parts  (processus  pterales  alae). 

In  naming  these  parts  I  have  avoided  all  terms  relating  to  form 
or  function  and  have  designated  them  by  letters  and  figures.  I 
selected  for  the  processus  pterales  Roman  figures,  for  the  pteralia 
capital  letters,  and  for  the  processus  pterales  alae  Arabic  figures 
(for  example  Proc.  pter.  al.  i,  etc.).  This  method  is  more  practical 
than  the  application  of  the  terms  used  for  analogous,  but  in  no  way 
homologous,  parts  of  the  vertebrate  skeleton  to  the  insect  skeleton. 
In  certain  cases  where  I  have  either  been  able  to  ascertain  the  func- 
tion of  a  part,  or  where  its  form  is  so  strildng  that  it  easily  im- 
presses itself  upon  the  memory,  I  propose  to  substitute,  for  better 
orientation,  instead  of  the  above-mentioned  designations,  short  terms 
such  as  calyx,  stroma,  etc.  For  the  processus  pterales  thoracis  I  and 
II  the  well-founded,  older  names  processus  praealaris  and  postalaris 
will  be  retained.  Besides  the  parts  belon<^ing  to  the  above-mentioned 
groups  there  are  others  found  in  the  articulation  of  the  wing  which 
may  be  designated  as  stays. 

A.     THE    THORACIC    PORTION     (PROCESSUS    PTERALES    THORACIS) 

This  portion  consists  of  six  pieces : 

I.  Processus  pteralis  thoracis  I  (Processus  praealaris)   (pi.  2,  figs. 
3, 4 ;  pi.  8,  fig.  24 ;  pi.  9,  fig.  25,  pti) . 
Described  above  with  the  scutum. 
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£gi-  .^.  ^:  pL  3,  £g2.  23.  2-t:  pL  a  f^:.  25.  9tir  . 

--  processzu  s'^^^is  :kc^2cis  III    zL  2.  fg?-  '.  -i:  rL  «::.  fe.  a6: 


'::a::d  *Jr.2Z  zZCiiczlj  '-rradcrs  ■ii5taZv  rr  a  scrri-cfrciilar  piece,  and  is 
±cr.  ira-TTi:  :-r:  irtt  a  ieliste  :si:d  Trhfch  masses 


brane     =«*^  pi  9.  fe.  jc     inicrteii  rpcn  the  prxxsscs  pceralis 
bel-'T^-  :I:e  iterale  B    cL  q.  £s:.  26.  yrc  . 

-1.  P^zcezs-jL^  c^c^zlis  :h.:^^'is  IV  rl  2.  £^.  j.  j.:  pL  9.  n^.  26: 
pL  I*:.  r.Zz.  27.  2S.  pTiy  .  This  prrcess  is  ±e  "  zrear  arrrpnTTa"  of 
Lc^T.e.  A-irrr::::^  ::  :zi  r.:nr:::r:  ir.-l  fzrr:  ::  rriav  re  designated 
as  j7^;/»f.2  r-'irJon  .  It  :^  1  priLr'-'iir;^  c-f hire-shaped  piece.  :imted 
Tsrith  r:e  epirttrr/^rr.  z/  rr.ecir.i  ::  a  brrad  :ai:-l  az-i  sitnatei  in  the 
ix'CjSLTy  ::av:r.-  :f  ±e  rhcrax.  Berwei*::  ±e  distal  er:d  of  this  piece 
ar:!  the  hea^i  ::  the  process -s  pteralis  ±CTac:s  III  there  is  a  tri- 
^zg-zjiT  stay    pi.  9.  Hi?-.  26:  -pi.  10.  £ss-  27.  2S.  r'". 

5.  prcsessiis  pw^ziis  :.V:»'2cif  T  pL  i.\,  £;^.  ir:  pL  9.  fig.  26: 
pi.  ro.  5^.  27.  28.  rty  .  FzriT  pieces  crctbine  to  make  np  this 
prcce«= :  the  epistcmurr.  :he  pvirepi5tem*.:r-..  the  stroma  and  the 
eotstemal  br-rier.  Three  strrnz'-'-'  chitizizec  bancs  arise  from  the 
ep:=terr.':rr.  These  nr.a'Iy  .;r::e  ^ith  the  episterrial  b«?rdcr  to  form 
a  strons'  chitfnf^s  bar  -.vhich  blears  at  the  end  the  orccess.  The 
prices  =  itse'.f  atcears  as  an  inf.adon.  It  bears,  rroxir-^v  from  the 
^trcrrji,  three  5^-^11  spires  and  distal!"  cne  larger  one.  The  entire 
pr-jce-s  =on:e-*-hat  re:er.:bles  a  ccrr.b  with  a  han-i!e. 

6.  Processus  pteri'is  thc-rzcis  TV  •  pi.  S.  ng.  2j.:  pi.  9.  fig.  26; 
ol.  rr.  r.2'.  20:  ttl'I  -.  This  r-rzcess  arises  fr:m  the  crest  that  runs 
alor^cT  the  *'  lateral  elate  of  the  c-rstscntelluni  **    -  Lowne'i    and  is 

*  *  * 

'oired  uo  the  Ecuama,  It  is  a  sho-rt.  distallv  thickened,  chitinoas 
piece,  v/hich  sho*.v5  a  sad- :le-l:ke  depression  that  corresponds  with  a 
s:rr.::ar  saddle  surface  in  the  pr:ce-sus  pteralis  alx  4  '.pi.  ii,  fig. 

2.     THE  I. V  TERM  EDI  ATE  PARTS    •  PTER.\LIa'» 

Thi^  ^TovLp  c'.nsiTjts  :f  three  pieces: 

I.  Ptcrale  A  '^pl.  3.  nz.  8:  pi.  4A.  fis:.  9:  pi.  S.  tigs.  23.  24:  pi.  9, 
:.^.  25  ;  ptA  .  This  prerale  is  the  "  dens  "  oi  Lowne.  It  bears  four 
large  prct-jberances,  :\vo  shorter  proximally.  and  two  longer  distallv 
^Artcttd  ones.    Ore  cf  the  proximal  ones  extends  into  the  interior 
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are  very  well  developed,  while  the  direct  muscles  which  serve  chiefly 
for  steering  are  small  and  weak. 

Kunckel  (1875,  p.  175)  divides  the  entire  musculature  of  the 
Diptera  into  three  groups,  the  depressors  (abaisseurs),  the  elevators 
(elevateurs)  and  the  steering  muscles  (directeurs).  The  depressors 
and  elevators  are  indirect,  the  steering  direct  muscles. 

A.     INDIRECT    MUSCLES 

A  pair  of  powerful  muscles,  the  musculi  dorsales  (Kunckel,  1875, 
P-  175)  (text  fig.  4,  mm;  pi.  4,  fig.  7,  mm;  pi.  12,  fig.  31,  mm)  trav- 


Fig.  5.    Diagrammatic  view  of  the  more  laterally  lying  indirect  muscles. 
(Median  section  of  the  thorax.) 

ap,  Mesapophysis.  m,  Musculus  latus. 

dvl,  Musculus  dorsalis-ventralis  primus.  il.  Stigma  anterius. 

dvll,  Musculus  dorsalis-ventralis  secundus.  It,  Trochanter  muscle. 
dvIII,  Musculus  dorsalis-ventralis  tertius. 

erse  the  entire  length  of  the  thorax.  Each  of  these  consist  of  six 
separate  parts  of  unequal  length.  The  first,  dorsal  portion,  extends 
from  the  boundary  between  the  scutellum  and  postscutellum  of  the 
mesothorax  to  about  the  middle  of  the  scutum,  where  it  is  inserted. 
Between  this  muscle,  the  scutelhmi  and  the  anal  portion  of  the 
scutum  there  is  an  empty  (air-filled)  space  (pi.  12,  fig.  31,  hi)  which 
is  to  be  regarded  as  an  air-sac. 
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somewhat  thickened  edge  of  the  parapleurum  and  passes  into  a 
long,  delicate  tendon  which  is  attached  to  the  processus  duplicatus 
of  pterale  A. 

4.  The  levator  alir  sccundus  (text  fig.  6,  pi.  ii,  fig.  30,  pi.  13, 
fig-  34;  mell).  This  muscle  is  rhombic  in  shape.  It  arises  close 
to  the  mesapodema,  at  the  boundary  between  the  parapleurum  and 
the  mesosternum,  and  passes  into  a  strong  tendon  which  follows 
the  epistemal  border  alongside  the  supinator ;  apparently  united 
with  the  tendon  of  that  muscle,  it  passes  to  the  foramen  prsealare. 

.,       ptIV  pd     ^ 


mbl 
mp 


Fic.  6.    Diagrammalic  view  of  the  direct  muscles  that  lie  nearer  the  median 
plane,    (Median  section  of  the  thorax.) 

a,  Mesapodema.  o,  Foramen  praalare. 

ap,  Mesapophysis.  o,.  Foramen  postalare. 

in,  Muaeulus  latus.  frf.  Processus  dactyloformis, 

ma,  MuscuIqs  anonymiis.  fie,  Pareposternum. 

mbl,  Musculus  abductor  alx  primus.  pti.  Processus  pterahs  thoracis  I. 

mbll,  Musculus  abductor  alie  secundus.  ptil.  Processus  pteraUs  thoracis  11. 

me!,  Musculus  levator  als  primus.  t'H^'.  Processus  pteralis  thoracis  IV. 

melJ,  Musculus  levator  a\x  secundus.  ptA,  Pterale  A. 

md,  Musculus  adductor  alsc.  il.  Stigma  anterius, 

me,  Musculus  gracilis.  sli.  Stigma  postcrius. 

mp,  Musculus  pronator  ala;. 

There  its  tendon  is  joined  to  the  processus  duplicatus  of  pterale  A, 
while  the  tendon  of  the  supinator  ala  passes  into  the  ligamentuni 
anale. 
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$.  The  supmator  al<e  primus  (text  fig.  7,  pi.  Ii,  fig.  30,  pL  13, 
fig.  34;  msl).  This  muscle  is  delta-sh^>ed.  It  arises  from  the 
epistemal  pouch  and  passes  into  a  tendon  which,  as  mentioned 
above,  is  united  with  the  tendon  of  the  levator  secundtts.  It  passes 
beyond  the  pterale  A,,  where  the  levator  secundus  is  inserted,  and 
into  the  anal  ligament 

6.  The  supinator  ala  secundus  (text  6g.  7,  pi.  11,  fig.  30;  null). 
This  muscle  is  likewise  delta-shaped.  It  arises  at  the  apodema, 
behind  the  supinator  primus,  and  is  continued  in  a  long  tendon 
which  traverses  the  foramen  postalare,  and  is  joined  to  the  liga- 


Fjg.  7.    Diagrainmatic  view  of  the  direct  muscles  that  lie  more  laterally. 
(Median  section  of  the  thorax.) 

a,  Mesapodema,  0,  Foramen  prxalare. 

d.  Processus  duplicatus  (Pterale  A).  o,.  Foramen  postalare. 

ma,  Musculus  anonymus.  pd.  Processus  dactyloformis. 

mbll,  Musculus  abductor  alae  secundus.  pe,  Parepistemum. 

mel,  Musculus  levator  alje  primus.  pn,  Parapterum. 

mp,  Musculus  pronator  aljc,  ptll.  Processus  pteralis  thoracis  II. 

mil,  Musculus  supinator  all  primus.  plfV,  Processus  pteralis  thoracis  IV. 

msll,  Musculus  supinator  alx  secundus.  il,.  Stigma  poslerius. 

mentum  anale   near  the  processus  pteralis   thoracis  VI   and   the 
processus  alse  4. 

7,  The  abductor  ala  secundus   (text  figs.  6,  7,  pi,   11,  fig.  30; 
mbll).    This  is  the  strongest  of  the  direct  muscles.     It  lies  under 
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part  during  the  downstroke  in  consequence  of  its  flexibility  and  the 
resistance  of  the  air. 

17.  Toward  the  end  of  the  upstroke  the  torsion  is  at  its  minimum. 

18.  The  folds  of  the  surface  and  the  hairiness  of  the  wing  affect 
and  probably  heighten  its  mechanical  effect  on  the  air. 

19.  The  numerous  small  folds  of  the  anal  portion  of  the  wing, 
which  is  poor  in  veins,  serve  to  strengthen  it. 
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Fia  3.  Stereoscopic  *-iew  of  the  lateral  wall  of  the  thorax  from  without 
(Magnified  10  diameters.  Photographed  with  Zeijs  tunocular;  Objective  s& 
Ocular  3.) 


e,  Episternum. 
ep,  Epimerum. 
es.  Mesostemum. 

;,  PrSESculal  border. 
o,  Foramen  przealare 
Oi,  Foramen  postalar 
p.  Prjeseutum. 
pe,  Pa  rep  i  stern  urn, 
Pm.  Parepimerum. 
pp.  Parapleurum. 


pi,  Postscutelliim. 

pit,  Processus  pleralis  thoracis  I. 

piH.  Processus  ptcralis  thoracis  II. 

ptlll,  Processus  pteralis  thoracis  III. 

plIV,  Processus  pteralis  thoracis  IV. 

piy,  Processus  pteralis  thoracis  V. 

s.  Scutum. 

sr,  Scutellum. 

sf.  Spina  sculalis. 

si,  Stigma  anterius. 

si,,  Stigma  poster  I  us. 
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PLATE  a    (Continued) 
Fig.  4.    Stereoscopic  view  of  the  lateral  wall  of  the  thorax  from  within. 
(Magnified  10  diameters.     Photographed  with  Zeiss  binocular;  Objective  55. 
Ocular,  3.) 


a,  Mesapodema. 

^Episternum. 
ep,  Epimerum. 
M,  Mesosternum. 
(,  Pnescutal  border. 
/1,  Epistemal  border. 

0,  Foramen  prxalare. 

01,  Foramen  postalare. 
p,  Prsesculum. 

pd.  Processus  daetyloformis. 
pe.  Pa repi sternum. 
pm,  Parepimerum. 


pti,  Parapterum. 

pp,  Parapleurum. 

pll.  Processus  pteralis  thoracis  I. 

pill.  Processus  pteralis  thoracis  II. 

ptill.  Processus  pteralis  thoracis  III. 

ptiy.  Processus  pteralis  thoracis  IV. 

plV,  Processus  pteralis  thoracis  V. 

J,  Scutum, 

se,  Scutcllum. 

sp,  Spina  scutalis. 

si,  Stigma  anterius. 

siu  Stigma  posterius. 
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PLATE  4A 

Fig.  9.    Pterale  A.     (Magnified  80  diameters.     Photographed  with   Zeiss 
achromat  A,  Ocular  4.) 

an.  Processus  analis.  ro,  Processus  rostralis. 

du,  Processus  duplicatus. 

Fig.  10.    Cross-section  of  the  Mesothorax.     (Magnified  10  diameters.    Pho- 
tographed with  Zeiss  achromat  A,  Ocular  2.) 

dvll,  Musculus  dorso-ventralis  secundus. 
mm,  Musculus  dorsalis. 

Fig.  II.     Processus  pteralis  thoracis  V.     (Magnified  45  diameters.     Photo- 
graphed with  Zeiss  achromat  A,  Ocular  2.) 


PLATE  4B 
Fio.  13.    Craas-sectioo  of  the  wing.     (Magnified  30  diameten.     Fbtjlo- 
gnqihed  with  ZeUt  acfaromat  A.) 

fi,  Mugiiul  vtin. 

Iba,  Crest  of  fint  nited  (convex)  foM  of  tiw 
Ilaa,  Second  d^reued  (cmicave)  fold  of  the 
Iliha,  Crest  of  third  raised  (convex)  fold  of 
lam.  First  depressed  (concave)  fold  of  die  mii 
Ilbm,  Crest  of  second  raised  (convex)  fold  01 
Hop,  Second  depressed  (concave)  fold  of  the  ; 

Fig.  13.    Part  of  a  cross-section  of  the  wing.     (Minified  lOO  diameters. 
Photographed  with  Zeiss  achromal  A,  Ocular  6.) 

Fig.  14.    Cross-section  of  the  wing.      (Magnified   30  diameters.     Photo- 
graphed with  Zeiss  achromat  A,) 

gi.  Marginal  vein. 

Ilaa,  Second  depressed  (concave)  fold  of  the  anterior  region. 

Itlba,  Crest  of  third  raised  (convex)  fold  of  the  anterior  region. 

lam.  First  depressed  (concave)  fold  of  the  middle  region,  discoidal  vein. 

Ilap,  Second  depressed  (concave)  fold  of  the  posterior  region,  anal  vein. 


Fte.  IS.  Stcr 
Magnified  4  di 
Ocntar  f.) 


Longitudinal 
gi,  Anterior  ma 
laa,  Firit  deprc 
Iba,  First  raiset 
'  Ilaa,  Second  de 
/Iba,  Second  ra 
Illjo,  Third  del 
llfba,  Tiiird  rai 
[Vna,  Fourth  di 
[yba.  Fourth  r; 
lam.  First  depri 
Ibm,  FJrsl  raise* 
Ham,  Second  depressed  (1 
Ilbm.  Second  raised  (1 
Illam,  Third  depressed  (i 
///6m,  Third  raised  (1 
la^.  First  depressed  (c 


e  regioi 


)  (old  of  the  middle  region,  division  veil 
)  fold  of  the  middle  region,  submedian  vein. 

)   fold  of  the  middle  region. 
)   fold  of  the  middle  region. 
;)  fold  of  the  posterior  region,  anonyma. 
Ibp,  First  raised  (convex)  fold  of  the  posterior  region. 
Ilap,  Second  depressed  (concave)  fold  of  the  posterior  region,  anal  vein. 


Ilbp,  Second  raised  (cc 
lllap.  Third  depressed  (cc 


<)  fold  of  the  posterior  region,  axillary  vein. 
e)  fold  of  the  posterior  region. 


ag,  Tri 

al.  Anterior  transviTsc 

di,  Discoidal  transvern 

(k.  Knee  of  the  wing. 

to,  Loliuhis. 

po,  Posterior  iransver; 


1;,  Median  Iransvetst 
1/1,  Medio-marginal  t' 
re,  Remigiuni. 
si.  Notch  of  the  m;.r, 
Hexihlc  7:onc. 
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PLATE  6 

Fig.  18.    Flexible    zone.      (Magnified    35    diameters.      Photographed    with 
Zeiss  apochromat  16.) 

gi.  Marginal  vein. 

si.  Notch. 

laa,  First  depressed  (concave)  fold  of  the  anterior  region ;  auxiliary  vein. 

Iba,  Crest  of  first  raised  (convex)  fold  of  the  anterior  region. 

II aa.  Second  depressed  (concave)  fold  of  the  anterior  region. 

1 1  Iba,  Crest  of  third  raised  (convex)  fold  of  the  anterior  region. 

lam.  First  depressed  (concave)  fold  of  the  middle  region:  discoidal  vein. 

Ilbm,  Crest  of  second  raised  (convex)  fold  of  the  middle  region. 

I  lap,  Second  depressed  ( concave )  fold  of  the  posterior  region ;  anal  vein. 

Fig.  19.     Anterior  portion  of  the  tiexiblc  zone.     (Magnified  120  diameters. 
Photograplied  with  Zeiss  apochromat  16.  Ocular  6.) 

laa,  Auxiliar}^  vein,        gi,  Marginal  vein.        si.  Notch. 
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PLATE  7 

Fig.  20.  The  union  of  Ilaa  and  Illba  in  the  flexible  zone.     (Magnified  350 

diameters.  Photographed  with  Zeiss  achromat  E,  Ocular  2.) 

Fig.  21.  The  union  of  Ilaa  and  Illba  in  the  flexible  zone.     (Magnified  200 

diameters.  Photographed  with  Zeiss  achromat  E,  Ocular  2.) 

Fig.  22.  The  union  of  Ilaa  and  Illba  in  the  flexible  zone.     (Magnified  100 

diameters.  Photographed  with  Zeiss  apochromat  16,  Ocular  6.) 
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Fig.  2,1-  Slereo5c<)pic  i 
wing-joint.  CMasnificd  1 
Objective  55.  Ocular  3) 


.-  of  the  side  of  the  Thorax  together  with  the 
[liainctcrs.     Photographed  with  Zeiss  binocular; 


/.  l''<]ssa  piisialnris. 
/i.  I'liHJta  praealaris. 
^11,  Fossa  anterior. 
£1,  Mariiinal  vein. 

lo,  Lnlnlhis. 

f,  Pr;cse..tLiTn, 

[•o,  Pnsli-rior  trp.n,- verse  vt 

/<p,  rHraiilciirnm. 

/>(/,  ProcissMs  ptf rails  al.T 

pi  J,  Procciisus  plcralis  ala; 
laa.  First  depressed  (1 
Iba.  Cri'<t  of  lirst  raisi-d  « 
Ilaa,  Sec'ind  depressed  (c( 
Illha.  Crest  of  third  raised 
lani.  Pirst  depressed  (cone 
llhm.  Crest  of  second  raise 
llap.  Second  depressed   (eonca 
Hbp,  Crest  of  second  raised   (; 


/•///,  Processus  pteralis  thoracis  II. 

ptA.  Pteralc  A. 

ptB,  Plerale  B. 

ri".  RennKiiim. 

s.  Scutum. 

sc.  Sciiteilnm. 

If",  Spina  sent  alls, 
in.  ji/.  Siinamula. 

Sg,  Squama. 
I.  t/,  Sli<nna  anterius. 

I  fiild  of  the  ;interior  region ;  auxiliary  vein. 

.•ex)  fold  of  ihc  anterior  region. 

ivc>  fold  of  the  anterior  region. 

invex)  fold  of  the  anterior  region. 

)  fiild  of  the  middle  region;  discoidal  vein. 

— "-e\)  fold  of  the  middle  region. 

fold  of  the  posterior  region ;  anal  vein. 

ext   fold  of  the  posterior  region. 
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PLATE  8  (Conlinued) 
Fro,  24.     Stereoscopic  view  of  the  right  wing-joint  from  above.     (Magnified 
20  diameters.    Photographed  with  Zeiss  binocular;  Objective  a:.  Ocular  3.) 


gi.  Marginal  vein. 

iV,  Vein  of  the  inner  margin  of  the  lobulus. 

to,  Lobulus, 

fill.  Processus  plerahs  zlx  1. 

pi  J,  Processus  pteralis  a  la;  2. 

I>t4.  Processus  plerahs  alx  4. 

fill,  Processus  picralis  thoracis  I, 

fillf.  Processus  pteralis  thoracis  IL 

fityi.  Processus  pternlis  thoracis  VI. 

plA,  Pterale  A. 

filB.  Pterale  B. 

re,  Remigiuiii. 

sq,  Squamula. 

f,  Tegula. 

laa.  First  depressed  (concave)  fold  of  ihe  anterior  region,  au.tiliary  v 
Iba,  Crest  of  first  raised  (convex)  fitld  of  the  anterior  region. 
/am,  I-'irst  depressed  (concave)   fold  of  the  middle  region,  discoidal  v 
llhm.  Crest  of  second  raised  (convex)   fold  of  the  middle  region. 
llafi.  Second  depressed  (concave)   fold  of  the  posterior  region,  anal  v 
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PLATE  9 

Fig.  25.    Stereoscopic  view  of  th«  right  wing-joint  from  above.    (Magnified 
40  diameters.    Photographed  with  Zeiss  binocular;  Objective  a*,  Ocubr  3.) 


S',  Marsinal  veiti. 

it.  Vein  of  the  inner  margin 

io,  Lohulirs. 

pit.  Processus  pteralis  all  1 

plj,  Processuii  pterali?  alfe  2 

PI4.  Processus  pteralis  alt  . 

fill,  Processus  pteralis  thor; 

ptll,  Processus  pterahs  ihrr 

ptl'I,  Processus  pterahs  ih'i 

plA,  Pterale  A. 

pIB,  Pterale  B. 

It',  Remigiiim. 

I,  Tegula. 

Vi,  Slay. 
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PLATE  9  (Continued) 
Fic.  26.    Stereoscopic  view  of  the  left  wing-joint  from  below.     (Magnified 
40  diameters.    Photographed  with  Zeiss  binocular ;  Objective  a,,  Ocular  3.) 


at.  Anterior  ti 
e,  Epistemum. 
^i.  Marginal  vein. 

pe,  Parepisternum. 

Pli.  Processus  pteralis  alse  I. 

pl3,  Processus  pieralis  alx  3. 

/illl!,  Processus  pterahs  thoracis  III. 

ptIV,  Processus  pteralis  thoracis  IV. 

piy,  Processus  pteralis  thoracis  V. 

ptV/,  Processus  pteralis  thorncis  VT. 

pIB,  Pteralc  B. 

pIC,  Pierale  C, 

re,  Rcraigium, 

sg,  Squamula. 

/,  Tegula, 

V,  Slay. 

laa,  First  depressed  (concave)  fold  of  the  anterior  region. 

Iba,  Crest  of  lirsl  raised  (convex)  fold  of  the  anterior  region, 

iam.  First  depressed  (concave)  fold  of  the  middle  region. 

nbm.  Crest  of  second  raised  (convex)  fold  of  the  middle  region. 

Ilap,  Second  depressed  (concave)  fold  of  the  posterior  region. 
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:'f.  I  J. },".]':-. 

f'tf,  J'f'^i^'.-s-!:-  jii«r;ilis  uhf.  4. 
/>//'/,  fror*-*:'.::-  pf:r,'ili-  tlu'raci-  \'f. 
.'I,  S'|t!afT;'.iIa. 
w/,  Squama. 

lam.  I'irsi  'I'-prc^-nl  (oincaxc)   I' -Id  "f  liie  nii«ldlc  rcjfit>n.  discoidal  vein. 
f/hm.  ^.'rr-.t  'if  »?i-<:ond  raided  <  convex  )  fold  oi  the  middle  region. 
/''/>,  r'r»si  ';f  rir*»t  rai^t-d  < convex)  fnid  <'f  tb.i.-  po-^ierior  rejajion. 
///I/",  S«T«;Trd  d<prt"N.-rI  Jconcave )  told  'if  the  po-terior  rej^ion,  anal  vein. 
///'/».  Tri-i  'if  -:'«..nd  r.'ii-**d  (c^invt-x)   fold  "i  the  p«»steri'tr  region,  axillao' 
V I  in 
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PLATE  II   (Continued) 

Fig.  30.  Stereoscopic  view  of  the  most  external  (lateral)  direct  muscles  of 
flight.  (Magnified  20  diameters.  Photographed  with  Zeiss  binocular;  Ob- 
jective as,  Ocular  3.) 

m  b  II      •  t       I 


m  e  I 


ms  II 


m«ll  — 


m  s  i 


/,  Praescutal  border. 

mbll,  Musculus  abductor  alae  secundus. 

mel,  Musculus  levator  alae  primus. 

mell,  Musculus  levator  alae  secundus. 

mp,  Musculus  pronator  alae. 

msl,  Musculus  supinator  alse  primus. 

vtsll,  Musculus  supinator  alae  secundus. 

St,  Stigma  anterius. 

sti.  Stigma  posterius. 
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PLATE  12 
Fir^  31.     Stereoscopic  view  of  ih«  more  medially  situated  indirect  muscles 
oi  flighi,     (Magnined  10  diameters.     Photographed  with  Zeiss  binociilar;  Ofc- 
jective  55.  Ocular  J.J 

'"      mm 


di'l,  Musculus  dorio- vent ra lis  primus.       In,  Air-sac 

dvll,    Musculus    <Iorso-ven trails    se-       m,  Musculus  latus. 

cundus.  mm.  Musculus  dorsalis. 

Fig.  32.  Stereoscopic  view  of  the  more  laterally  situated  indirect  muscles  of 
fliKlit.  (Magnilicd  10  diameters.  Photographed  with  Zeiss  binocular:  Ob- 
jective 55,  Ocular  3.) 


(i/i,  Mesapophysis,  ihlll.   Musculus  dorso-ventralis   t 

lii'l.  Miisctilus  dorio-ventralis  primus.  lius. 

Jrll.    Muscuhis    dorso-ventralis    sc-  m,  Musculus  latus. 

ciindu*.  Ir,  Trochanter  muscle. 
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PLATE  13 
Fig.  33.     Stereoscopic  view  of  the  most  internal  direct  muscles  of  flight 
(Magnified  10  diameters.    Photographed  with  Zeiss  binocular;  Objective  55, 
Ocular  3.) 

Ir      pi  I      pill 


a,  Mesapodema.  mp,  Musculus  pronator  alK. 

af,  Mcsapnphysis.  fil.  Processus  pteraljs  thoracis  I. 

m,  Muscnlus  latus.  piU,  Processus  pteralis  thoracis  II. 

mbl,  Musculus  abductor  alx  primus.  st.  Stigma  anterius. 

Hid,  Musculus  adductor  alK.  tr.  Trochanter  muscle. 

Fic.  34.  Stereoscopic  view  of  tlic  intermediate  direct  muscles  of  flight 
(Magnified  to  diameters.  Photographed  with  Zeiss  binocular ;  Objective  55, 
Ocular  3.) 


a,  Mesapodema.  mp,  Musculus  pronator  all. 

ma,  Musculus  anonynius.  nisi,  Musculus  supinator  aJx  primus. 

mbl,  ^[usculus  abductor  alx  primus.  pd.  Processus  dactyloformis. 

mel,  Musculus  levator  primus.  ptil.  Processus  pteralis  thoracis  11. 

mfll,  Musculus  levator  sccundus.  jf,  Stigma 

mg,  Musculus  gracilis. 
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PLATE  14 
Fig.  35.    Flight-kymograph  ready  for  an  experiment. 

Fig.  36.    Flight-kymograph  after  an  experiment. 

Fig,  37.    The  midrllc  part  of  the  apparatus  represented  in  fig.  t^^.  less  reduced. 
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PLATE  15 

Fig.  38.    Incomplete  Flight-curve  obtained  by  Marey's  method  on  a  bladcened 

cylinder.     (Natural  size.) 

Figs.  39,  40.  Incomplete  Flight-curves  obtained  by  Marey's  method  on  a 
blackened  cylinder.  The  cylinder  was  turned  more  slowly  than  in  fig.  38,  to 
that  the  parts  of  the  curve  overlap.  The  fly  was  held  horizontally  with  tiic 
anterior  end  opposite  to  the  direction  of  the  movement  of  the  cylinder.  (Nat- 
ural size.) 

Fig.  41.  Flight-curve  obtained  by  means  of  the  flight-kymograph.  The  fly 
was  held  horizontally  with  the  anterior  end  opposite  to  the  direction  of  the 
movement  of  the  board.     (Magnified  4  diameters.) 
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PLATE  i« 
FtOB.  43-45.    Flif^t-curve  obtained  hy  the  fli^t-kymosmph.    The  fly  was 
held  boruontally  with  the  anterior  end  opposite  to  (he  direction  of  the  move- 
ment of  the  board.     (Natural  size.)     Figt.  42-44  are  consecutive  parts  of  a 
continuous  curve. 


auiTHSONIAN   UU 


] 

Fioa,  46-49.    Flicht-curvet  obu 

held  borizontally  with  the  interk) 

of  the  movement  of  the  board.     I 

parts  of  a  continuous  curve. 


I 
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PLATE  i8 

Figs.  50-52.  Flight-curves  obtained  by  the  flight-kymograph.  The  fly  was 
held  horizontally  with  the  anterior  end  opposite  to  the  direction  of  the  move- 
ment of. the  board.     (Natural  size.) 
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PLATE  19 

Fig.  53.  Scries  of  instantaneous  photographs  of  a  flying  CaUiphora 
vomitoria.  Direct  sunlight.  Time  of  exposure  for  each  individual  image 
1/42,000  of  a  second.  Interval  between  successive  images  1/2,150  of  a  second. 
The  arrows  show  the  succession  of  time :  the  upper  row  running  from  right  to 
left,  the  lower  row  from  left  to  right. 

Upper  row  (the  fly  seen  from  behind). 

a,  Lowest  position  of  wings. 

ab.  Raising  of  the  wings  (the  wing  cross-sections  are  steep). 

b,  Highest  position  of  wings. 

be.  Depression  of  wings  (the  wing  cross-sections  are  at  first  horizontal  and 
then  inclined). 

c,  Lowest  position  of  wings. 

Lower  row  (the  fly  seen  from  above). 

d,  Highest  position  of  wings. 

de.  Depression  of  wings  (the  wing  cross-sections  are  at  first  horizontal  and 
then  inclined). 

e,  Lowest  position  of  wings. 

ef,  Raising  of  the  wings  (the  wing  cross-sections  are  steeply  inclined,  steepest 

in  the  middle  of  this  phase  of  the  movement). 
/,  Highest  position  of  wings. 
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NO.  13  NEW  AFRICAN   RATALS — HOLUSTER  3 

Measurements  of  dry  skin. — Total  length  from  nose  to  end  of 
tail,  exclusive  of  hairs,  1220;  length  of  tail,  210;  length  of  longest 
claw,  measured  with  dividers,  39. 

Remarks. — ^The  peculiar  color  of  the  back  is  the  most  striking 
character  in  comparing  this  form  with  M.  ratel  and  M.  abys- 
sinica,  the  only  neighboring  species  having  the  mantle  complete  from 
forehead  to  tail.  It  also  appears  to  reach  the  maximum  size.  A 
second  skin  in  the  Museum  collection,  from  British  East  Africa, 
exact  locality  unknown,  agrees  with  the  type  in  the  large  size  and 
distinctive  color  of  the  back.  Doctor  Abbott  has  written  on  the 
label  of  the  Kilimanjaro  specimen,  **Rare  upon  the  mountain." 
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FRANCOLINUS  SCHUETTI  KAPITENSIS,  new  subspecies 

Kapiti  Plains  Francolin 

Type-Specimen. — Probably  adult  male  (specimen  not  sexed). 
Cat.  No.  213421,  U.  S.  X.  M.  Collected  at  Juja  Farm,  near  the 
Athi  River,  British  East  Africa,  altitude  about  4,200  feet,  May  24, 
1909,  by  J.  Alden  Lorinj^;.     Original  number,  in. 

Characters, — Crown  brownish  olive  mixed  with  gray ;  feathers  of 
back  and  scapulars  grayish  hair  brown  mixed  with  black,  broadly 
bordered  with  hair  brown,  without  chestnut  shaft-streaks  or  con- 
spicuous marginal  black  spots:  general  color  of  lower  back,  rump, 
and  upper  tail-coverts  olive-brown :  outer  webs  of  outer  primaries 
plain  dark  brown :  rectrices  mars  brown  coarsely  vermiculated  with 
black :  feathers  of  chest  hair  brown  with  narrow^  apical  shaft-stripes 
of  broccoli  brown,  thickly  flecked  with  black  near  the  shafts;  lower 
breast,  upper  abdomen,  and  flanks  hair  brown  dotted  with  black  near 
the  feather-shafts,  and  with  broad  creamy  buff  submarginal  bands. 

Measurements  of  type. — Wing,  167  mm.:  tail,  85:  exposed  cul- 
men,  26.5:  tarsus,  51 :  middle  toe  (without  claw),  41. 

Material. — Three  specimens  from  Juja  Farm  and  Nairobi,  British 
East  Africa. 

Remarks. — Two  developed  spurs  on  each  tarsus,  and  its  larger 
size,  make  it  cjuite  certain  that  the  type  is  a  male,  as  females  usually 
lack  developed  spurs. 

FRANCOLINUS  SCHUETTI  KENIENSIS.  new  subspecies 

Mount  Kcnia  Francolin 

Typc-specinirJi. — Adult  male.  Cat.  Xo.  214739,  U.  S.  N.  M.  Col- 
lected at  Xveri  (altitude  5.943  feet),  base  of  Mount  Kenia,  British 
East  Africa,  September  16.  icyoc),  by  Edc^ar  A.  Mearns.  Original 
nnnibor,  16S2S. 

Cluinictcrs. — Crown  bistre:  feathers  of  back  and  scapulars  bistre 
thickly  vermiculated  with  black,  and  narrowly  bordered  with  brown- 
ish i^ray  finely  mixed  with  blackish  :  lower  back,  rump,  and  upper 
tail-coverts  bistre  verniiculaterl  with  black;  outer  web  of  outer  pri- 
maries plain  (lark  brown  ;  rectrices  brown,  finely  vermiculated  with 
black  :  feathers  of  chest  hair  brown  with  a  1ar<:]^e  a]Mcal  spot  of  sepia: 
lower  breast,  upper  abdomen,  and  Hanks  sepia,  the  feathers  broadly 
cdj^ed  with  bufty  white  penciled  with  sepia. 

Mcasurc}iictits  of  type. — Wing.  175  mm.:  tail,  84:  exposed  cul- 
men,  2/ :  tarsus,  40:  middle  toe  (without  claw),  40. 
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Material. — Three  specimens  from  Nyeri  and  W'ambuf^u,  llritisli 
East  Africa. 

NECTARINIA  JOHNSTONI  IDIUS,  new  subspecies 

Mount  Kenia  Scarlet-tufted  Malachite  Sunbird 

**Xect(jritiia  deckcni  Lorenz,"  Hohnkl,  narrative  of  Count  Teleki's 
"Expedition  to  Lake  Rudolf,"  English  translation,  vol.  i,  1894,  p. 
374,  note,  nomen  nudum;  Ibis,  1894,  p.  452. 

Ncctarinia  johnstoni  Sharpe,  Bull.  B.  O.  C.  No.  12,  1893,  p.  ix  (Mount 
Kenia). 

Type-Specimen. — Adult  male.  Cat.  No.  215664,  U.  S.  N.  M. 
Collected  on  Mount  Kenia  at  14,000  feet,  British  East  x\frica,  Sep- 
tember 2(\,  1909,  by  Edgar  A.  Mearns.     Original  number,  16909. 

Characters. — Similar  to  Xectarinia  johnstoni  johnstoni  Shelley, 
but  slightly  larger ;  adult  male  with  metallic  feathers  of  upper  parts 
more  golden  and  less  bluish  green,  this  being  exactly  reversed  in  the 
coloration  of  the  under  parts ;  crissum  more  intense  black.  Adult 
female  decidedly  darker  brown  than  the  female  of  Nectarinia  john- 
stoni johnstoni. 

Measurements  of  type. — Adult  male.  Wing,  84  mm. ;  longest  tail- 
feather,  215;  culmen  (chord),  31.5:  tarsus,  19. 

Comparative  measurements. — Average  of  ten  adult  males  of  Nec- 
tarinia johnstoni  idius:  Wing,  82.6  mm. ;  longest  tail-feather, 
195.7;  culmen  (chord),  31.3;  tarsus,  18.6. 

Average  of  eight  adult  males  of  Nectarinia  johnstoni  johnstoni 
from  Mr)unt  Kilimanjaro:  Wing,  81.2:  longest  tail-feather,  175.9: 
culmen  (chord),  30.9;  tarsus,  17.7. 

One  adult  male  (Cat.  Xt).  21 1929,  I'.  S.  X.  M.)  of  Nectarinia 
dartmouthi  from  Mount  Ruwenzori :  Wing.  82.5:  longest  tail- 
feather.  175:  culmen  (chord),  26.2:  tarsus,  19.5. 

.Vveragc  of  seven  adult  females  of  Xectarinia  johnstoni  idius: 
Wing,  74.1  ;  tail,  55.9:  culmen  (chord),  29.3:  tarsus,  17.7. 

.\verage  of  two  adult  females  of  Nectarinia  johnstoni  johnstoni: 
Wing,  /2:  tail,  52:  culmen  (chord).  29.2:  tarsus,  16.8. 

One  adult  female  (Cat.  Xo.  211986.  W  S.  X.  M.)  of  Nectarinia 
dartmouthi:  Wing,  73;  tail,  53:  culmen  (chord),  26;  tarsus,  19. 

Remarks. — Males  of  this  form  recjuire  no  comparison  with  Nec- 
tarinia dartmouthi  (jrant,  but  females  resemble  females  of  dart- 
mouthi more  than  those  of  johnstoni,  although  they  may  be  readily 
distinguished  from  the  former  by  their  longer  bill  and  shorter  tarsus. 
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excepting  the  shoulder-patch,  which  has  more  black  mixed  with  the 
gray. 

Measurements  of  Pscudoni^rita  arnaudi  kapitensis. — Adult  male 
(type  specimen) :  Wing,  68  mm. ;  tail,  41 ;  culmen  (chord),  14;  tar- 
sus, 18.  Adult  female  (average  of  two  topotypes)  :  Wing.  65 ;  tail^ 
40:  culmen  (chord),  14:  tarsus,  18. 

Measurements  of  Pseudoni^rita  arnaudi  arnaudi  (from  Ximulc^ 
Lokko  Zegga,  and  Ledgus.  on  the  Upper  Xile). — Adult  male  (aver- 
age of  four):  Wing.  ^12.5:  tail,  37.2;  culmen  (chord),  13:  tarsus^ 
17. 1.  Adult  female  (average  of  five)  :  Wing.  60.9;  tail,  35.4;  cul- 
men (chord),  12.3;  tarsus,  16.6. 

Description  of  youny:;  (female:  Cat.  Xo.  213774,  U.  S.  N.  M.; 
killed  at  the  same  shot  with  the  ty])e). — Differs  from  the  adult  in 
having  the  crown  hair  brown  like  the  upper  side  of  the  neck  and 
upper  back,  conspicuously  darker  than  rump  and  upper  tail-coverts; 
lower  back  and  scapulars  blackish  drab :  shoulder-patch  nearly  black ; 
black  markings  of  wings  and  tail  as  in  adults,  but  with  narrow  drab- 
gray  tips  to  the  wing-quills :  secondaries  edged  externally  with  pale 
russet:  bill  dark  brown  above,  flesh  color  on  basal  two-thirds  of 
mandible,  instead  of  black  throughout :  feet  tleshy  brown  instead  of 
light  yellowish  brown. 

Material. — Three  adults  and  one  young  from  Juja  Farm  and 
Kamiti.  British  Hast  Africa. 

LAGONOSTICTA  INCERTA,  new  species 

Vinous  Firc-finch 

Type-Specimen. — Adult  male.  Cat.  Xo.  217311,  U.  S.  N.  M. 
Collected  at  Gondokoro,  on  the  liahr  el  Jcbel,  I'ganda,  Africa,  Feb- 
ruary 25,  1910,  l)y  Edgar  A.  Mcarn<.     Original  number,  18805. 

nescriptioii  of  type. — Crown,  upper  side  of  neck,  back,  and  wings 
olive-brown  ])erce])tibly  tinged  with  red:  forehead  in  front  of  eyes, 
and  entire  side  of  head,  including  supraorbital  stripe,  and  upper 
tail-coverts  burnt  carmine:  tail  black,  bordered  with  carmine  on 
outer  webs  of  feathers  at  base:  under  wing-coverts  pale  buffy  gray; 
under  side  of  wing-(|uills  dusky  grayish  :  chin,  throat,  and  breast 
vinaceous,  fading  to  smoke  gray  on  abdomen  and  grayish  w-hite  on 
under  tail-coverts:  breast  quite  thickly  spotted  with  white,  tending 
to  form  bars:  bill  red,  striped  with  black  above,  below,  and  along 
lower  c(\i:;c  of  maxilla  :  feet  and  claws  bnnvn. 

Mciisitrrnicnts  of  type. — Wing.  4^  mm.:  tail. 42:  culmen  (chord), 
10.^):  tarsus.  13.5. 
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SPOROPIPES  FRONTALIS  ABYSSINICUS,  new  subspecies 

Abyssinian  Speckled-fronted  Weaver 

Type-Specimen. — Adult  male.  Cat.  Xo.  icxx)33,  U.  S.  N.  M. 
-Collected  by  Blondeel  in  Abyssinia.     Original  number,  25845. 

Characters. — Differs  from  Sporopipes  frontalis  frontalis  in  being 
larger  and  much  paler  in  coloration ;  uj^per  parts  instead  of  ashy 
brown  are  pale  ecru  drab;  wings  and  tail  paler  brown  with  broad 
whitish  margins  to  the  feathers ;  top  and  sides  of  neck  paler  cinna- 
mon, with  pale  edging  to  the  feathers ;  forehead  and  front  of  crown 
more  brownish  black,  with  broader  white  tips  to  the  feathers ;  under 
parts  almost  white,  with  only  the  barest  trace  of  a  drab  gray  chest- 
band;  imder  wing-coverts  white. 

Measurements  of  type  specimen  of  Sporopipes  frontalis  abyssini- 
cus:  Wing,  65  mm.:  tail,  52;  culmen  (chord),  12;  tarsus,  19. 

Average  measurements  of  tzuo  adult  males  of  Sporopipes  frontalis 
frontalis  (from  Gondokoro.  L Uganda)  :  Wing,  62;  tail,  47.5;  culmen 
^chord),  1 1.5;  tarsus,  17. 
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NEW  SPECIES  OF  INSECTIVORES  FROM  BRITISH  EAST 
AFRICA,  UGANDA,  AND  THE  SUDAN 

(With  One  Platb) 

By  EDMUND  HELLER 
Naturalist,  Smithsonian  African  Expedition 

This  paper  contains  descriptions  of  eleven  new  species  and  one 
new  genus  of  Insectivora.  The  material  described  is  from  the  col- 
lection made  in  east  Equatorial  Africa  by  the  Smithsonian  African 
Expedition  under  the  direction  of  Col.  Theodore  Roosevelt.  The 
bulk  of  the  species  are  from  Rhino  Camp,  in  the  Lado  Enclave, 
Egyptian  Sudan.  The  precise  geographical  position  of  this  spot  is 
latitude  2®  55'  north,  on  the  west  bank  of  the  Nile,  some  fifteen 
miles  north  of  the  station  of  Wadelai. 

This  paper  is  the  twelfth  dealing  with  the  results  of  the  expedition. 

ERINACEUS  SOTIKiE,  new  species 

Sotik  Hedgehog 

Type  from  the  Guaso  Nyiro  River,  Sotik  District,  British  East 
Africa;  adult  male;  number  162112,  U.  S.  Nat.  Mus. ;  collected  by 
J.  Alden  Loring,  June  28,  1909;  original  number,  6451. 

Characters. — Nasal  bones  very  long  and  attenuate  posteriorly, 
reaching  to  middle  of  frontal  bones;  zygomatic  arches  slender; 
spines  with  the  dark  point  so  minute  that  there  is  no  visible  terminal 
speckling  to  the  coloration. 

Coloration. — General  dorsal  coloration  white,  the  spinous  portion 
with  a  speckling  due  to  the  dark  subterminal  rings  of  the  spines 
showing  through.  Snout,  chin,  lips,  and  head  posteriorly  to  behind 
eyes,  hair  brown ;  fore  and  hind  feet  lighter  brown ;  the  legs  white 
like  the  sides.  Under  parts  white,  the  hair  white  to  the  base.  Tail 
white.  Dorsal  spines  annulated  with  a  broad  band  of  seal  brown 
sublenninally,  the  tip  broadly  white  with  a  minute  dark  point.  Low 
down  on  the  sides  a  few  wholly  white  spines  are  interspersed  with 
the  annulated  ones.    Longest  spines  on  head  20  mm. 
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CharoKters, — Tail  vkathf/ut  >>n^^  faair^,  a.s  i::  HUMfrura,  ^nx  isrx± 
hktgtr  \i2^,  than  this  species,  with  profpur^zmsLVur  shorter  tail 

Co!<fratu>n, — L'j/jxrr  pans  rich  sepia,  ears  and  feet  samcmiai 
\if^iU:r,  Ui!  4sirk^  b]a/:k:bh  brcwn.  Under  pans  i-andyke  brcnra. 
thfr  chin  and  HiTf/stl  h^ifjming  s-ffused  with  grayish.  Fnr  crcnnrbcre 
p\mn\/tfA:ii  at  l/a*« ;  shon,  r/nly  5  mm.  on  mmp.  Hair  coveriiag  ibe 
laUrral  gland»  ^hon*  but  not  differentiated  by  color. 

Measurements. — Head  and  body,  <^  mm. ;  tail.  67 ;  foot,  17.  Sknll  ^ 
ajwiyUz-inrhivt  length,  24:  breadth  of  brain-case.  10:  length  oi 
ij|/jy:r  t^y/th-row,  lo;  c/ndylo-incisive  length  of  mandible.  14.3. 

Thi^.  %jytcie^  i^s  one  of  the  maurisca  group,  with  a  c}'IindncaL  shon- 
hhin:f\  tail,  the  lou'^tr  hairs  being  present  only  at  the  base. 

HELIOSOREX*  new  genns 

Type :  Heliosorex  roosevelti  Heller 

(Characters. — Skull  with  the  brain-case  very  much  narrowed  and 
ui'AfVj'A  \ty  a  f/romincnt  transverse  constriction  at  its  posterior  third. 
w<:ll  in  advance  of  the  lambdoidal  crests ;  sides  of  interorbital  region 
fianillel ;  brain-rase  liif^h  and  inflated,  reaching  its  highest  point  mid- 
w;iy  between  the  constri<:lion  and  its  anterior  end;  dental  formula 
as  in  Crocidura;  first  unicuspid  alx^ut  twice  the  size  of  second  and 
third,  which  arc  of  equal  size;  claws  very  small — about  half  the  size 
of  those  of  Crocidura. 

The  skull  of  this  shrew  differs  more  widely  in  shape  from  Croci- 
dura than  any  other  allied  genus ;  in  other  words,  it  is  the  extreme 
in  narrowness  anrl  posterif^r  elongation.  Some  of  the  species  of 
Crocidura  .show  the  constriction,  but  in  all  of  these  it  is  placed  only 
slij^litly  in  advance  of  the  lambdoidal  crests,  and  the  brain-case  has, 
moreover,  the  trian^nilar  shape  seen  in  typical  Crocidura.  The  small 
claws  an-  the  only  external  character. 

HELIOSOREX  ROOSEVELTI,  new  species 

Kooscvclt  Sliort-rlawcd  Slircw 
Pi.ATK  1.'     Skull.     Twice  natural  size 

Tyi'e  ifoin  Rhino  C\'nnp.  I.ado  Knclave ;  adult  female;  number 
i().|().},^,  II.  S.  Nat.  .Mns. ;  collected  by  J.  Aldcn  Loring,  January  21, 
H)in;  original  lunuher,  HS12. 

'All  iMifinliiM.itc  aividcMl  niTiiiTi'd  t<»  tlic  skull  after  the  two  views  shown 
<»n  thr  platr  hail  hvvw  taken.  In  atljustinR  the  camera  to  take  the  side  view 
the  h-ns  fell,  strd\inn  the  skull  and  daina^iinjf  the  occipital  region  to  such  an 
extent  that  further  pht>tnj»raphic  wi>rk  on  the  specimen  had  to  he  ab;tndoned. 
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ELEPHANTULUS  PHJEUS,  new  spedcs 

Masai  Elephant  Shrew 

Type  from  Xjoro  O  Solali.  Sotik  District,  British  East  Africa; 
adult  male:  number  162074,  U.  5.  Xat.  Mus. ;  collected  by  J.  Alden 
Loring,  June  26,  1909:  original  number.  6441. 

Characters. — Much  darker  dorsal  coloration  than  in  pulcker  and 
with  larger  body  size. 

Coloration. — Above  umber  brown,  lightly  overlaid  with  black- 
tipped  hairs :  sides  of  body  and  head  grayer  and  lacking  the  brown- 
ish ;  on  the  snout  the  gray  color  encroaching  on  the  umber,  which  is 
confined  to  a  median  streak  on  the  snout.  Eve-rin^  white  and  con- 
tinued  posteriorly  as  a  diagonal  postocular  stripe,  bordered  below  by 
a  dark-brown  streak  which  breaks  through  the  white  eye-ring  and 
reaches  the  eye.  A  fulvous  patch  behind  each  ear.  Upper  lip.  under 
parts,  and  feet  white,  the  white  being  sharply  contrasted  where  it 
meets  the  tawny  gray  of  the  lower  sides.  Hair  everywhere  dark 
slate  at  base.  Tail  dark  brown  above,  grayish  below ;  the  long  hair 
of  the  rump  lacking  at  the  base  of  the  tail,  where  a  triangular  naked 
area  is  exposed  when  the  hair  is  disturbed. 

Measurements. — Head  and  body,  133  mm.;  tail,  133;  hind  foot, 
^^.  Skull:  condylo-incisive  length.  36.5:  zygomatic  breadth,  20; 
nasals.  14:  interorbital  constriction.  6:  length  of  palate.  18,8:  length 
of  upper  tooth-row,  17.5:  condylo-incisive  length  of  mandible,  27; 
length  of  lower  toc»th-row.  15.5. 

This  form  is  closely  allied  to  pulchcr,  from  which  it  differs  in  the 
darker  umber-brown  color,  being  "gray-fawn"  only  on  the  sides. 
Pule  her  is  described  as  having  the  under  fur  of  the  under  parts  gray, 
and,  if  this  is  correct.  pJurus  differs  greatly  in  its  dark  slate  under 
fur.  The  series  of  six  toprtypes  in  the  collection  is  uniform  in 
color  with  the  type. 
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Vram,   Ugo   G.     Contributo   airantropologia   antica   del    Peru.     Atti   della 
Societa  Romana  di  Antropologia,  Vol.  7,  Roma,  1900- 190 1,  pp.  44-1)3. 

Measurements  and  observations  on  24  crania,  3  from  Tacna,  3  from 
Caudi villa,  i  from  Iquiquc  and  17  derivation  not  stated.  Also  on 
some  other  parts  of  the  skeleton. 

Vram,  U.  G.    Secondo  contributo  all'antropologia  del  Peru  antico.    (Crani- 
olog^a:   varieta  craniche  con  speciale  riguardo  airaccresdmento  del 
teschio).    Atti  Soc.  Romana  di  Antrop.,  7,  1901,  pp.  67-6^    Nineteen 
skulls,  15  from  Ancon,  4  from  Lima. 

Wilson,  D.    Physical  Ethnology :  The  American  Cranial  Type.    Seventeenth 

Ann.  Rep.  Smithsonian  Inst,  for  1862,  Washington,  1863,  pp.  249  et  seq. 

Obsen^ations  and  some  measurements  on  39  Bolivian  and  Peruvian 

skulls,  14  from  near  Arica,  13  from  Pachacamac,  4  from  Titicaca,  2 

from  near  Lima,  i  from  Santa  and  5  locality  unknown. 

Wyman,  J.     Observations  on   Crania  and  Other  Parts  of   the  Skeleton. 
Fourth  Ann.  Rep.  Peabody  Museum,  Boston,  1871,  pp.  10-24. 

Gives  measurements  and  some  observations  on  6  skulls  of  Aymaras 
from  Bolivia;  and  on  14  skulls  from  Casma,  16  from  Amacavilca,  7 
from  Gran  Chimu,  4  from  Trujillo,  4  from  Pachacamac,  5  from  Caja- 
marquilla,  Peru;  all,  or  nearly  all,  deformed. 

Wyman,  J.    Crania.    Seventh  Ann.  Rep.  Peabody  Museum,  Cambridge,  1874, 
pp.  8-15. 
Observations  and  some  measurements  on  330  skulls  from  Ancon. 
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NO.    l8  BIBLIOGRAPHY   OF  R.   E.    C.   STEARNS  15 


GENERA  AND  SPECIES  NAMED  FOR  ROBERT  EDWARDS 
CARTER  STEARNS  BY  THE  AUTHORS 

Cetacean :     Grampus  Stcarnsii  Dall. 
Fish:    Roncador  Stcarnsii  Steindachner, 
Recent  Mollusks: 

Voluta  (Scaphella)   Stcarnsii  Dall. 

Cylindrella  Stcarnsii  Arango. 

Lamellaria  Stcarnsii  Daix. 

Unio  Steamsiana  Wright. 

Acsopus  Stcarnsii  Tryon. 

Helix  Steamsiana  Gabb. 

Microphysa  Stcarnsii  Bland. 

Bulimus  (Anctus?)  Steamsianus  Pilsbry. 

Callocardia  Stcarnsii  Dall. 

Periploma  Stcarnsii  Dall. 

Mytilus  Stearnsi  Pilsbry  and  Raymond. 

Paludcstrina  Steamsiana  Pilsbry. 

Sportclla  Steaj^sii  Dall. 

Ischnochiton  Stcarnsii  Dall  (1902). 

Vencricardia  (Cyclocardia)  Steamsii  Dall  (1902). 
Fossil  Mollusks: 

Scala  Stcarnsii  Dall. 

Bulimus  Stcarnsii  Dall. 

Vorticifcx  Steamsii  White,  and 

Stearnsia,  White,  for  a  Generic  form  of  Cretaceous  Mollusk. 
Coral :     Paracyathus  Steamsii  Verrill. 
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NO.  19  THE  SILVER  DISK  PYRHEUOMETER — ABBOT  ^ 

15.  (Note.)  Theapproximatemethodof  procedure  stated  in  (12) 
and  (14)  is  much  easier  than  the  exact  method,  and  having  been 
found  by  experiments  to  yield  closely  comparable  results  under  all 
circumstances  of  use,  within  the  error  of  measurement,  it  has  been 
adopted,  and  the  standardization  of  the  instrument  is  made  by  this 
method. 

16.  To  reduce  the  results  R\  and  R\  to  standard  calories  per 
square  centimeter  per  minute,  or  to  the  scale  provisionally  used. up 
to  1910  by  the  Smithsonian  Institution,  multiply  by  the  factors  fur- 
nished from  the  Smithsonian  Institution  with  each  instrument. 

17.  Under  favorable  circumstances  an  experienced  observer  can 
read  to  a  probable  error  of  j^  per  cent  for  a  single  reading.  The 
sample  readings  here  given  differ  more  than  this,  for  they  were 
made  at  sealevel  with  variable  sky. 
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18.  Example  of  reduction 
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DESCRIPTION  OF  A  NEW  GENUS  AND  SPIvi  IKS  <  )!•• 
HUMiMIXGBIRD  FROM  1\\NAMA 

By  E.  W.  nelson 

Since  January,  191 1,  Mr.  E.  A.  Goldman,  of  iho  Hiolo^jirnl  Siii  viy. 
U.  S.  Department  of  Agriculture,  has  Ihvu  Hclailrcl  to  \\\v  'imiMIi 
sonian   Biological   Survey  of  the    Panam.i   ('anal   Zon<'    \n  tolli»« 
mammals  and  birds  in  the  Canal  Zrmc  and  adjarcnt  patt^  of  t'utiainti 
The  most  interesting  discovery  in  his  work  to  datr  ha^  \trrti  u  hmn 
mingbird  representing  a  beautiful  new  j.^rnu*-  atid  ipii  u*-      I  h<  ivp« 
came  from  the  higher  -lopes  of  the  Orn*  Aznl,  whi»li  ti>«^  t#,  mt 
altitude  of  3200  feet  about  15  miles  iiorthw't  of  <  h»'f»o,  I'uttAiint 
This  high  mountain  lie-?  at  the  extnnrir  lic*adwat'-t^.  '*f  tfi*   *  li;i|/t«t 
River,  and  Mr.  Goldn:an  wriU:^  that  it  is  tnwfvi]  wMh  Iom 't    //Jm' b 
becomes  smaller  on  :he  upp«:r  part^  whT«*  fh«  v   b«H»Mninj/bo'h  Jjyi 

I  am  indebted  to  Mr.  Pol^rt  I<idt{w;iy.  '  umint  n\  \UtfU  iu  ♦b* 
I'.  S.  National  Museum,  for  dinrim;'  my  :fi t^f it i</ii  1//  fb«^  m;*fV*^1 
characters  of  this  !r.terest:T.jj  humrrun/biTd 

QOtVMAVlA,  wr^  t^nv* 

Ty^  Gold  mania '.i  A  v,'.tt  r«r /.>:/*-/  "  '/*?'•;•  •.;i>ff>*'  ■?  ».v.'/' v* 
Mr.  E.  A.  GoldmiT. 

Generic  rnn^z::-'':  -  '.'  '^^ ■'.♦  < '  ^ \r^^^ r ;.  • .'  *  :  r / »  . ;* •  »//  *.  v v  ""/ ' 
tea.  but  ur.'5tr-*c:!  '  i^'^.'  •"<  <%';  «•■'  rsv?*  *?«•  ♦•  f*>  ••^>' */* 
ones  remarki.'*  1  -«    : vt  ■  i   jr.*-  *:    •^.  •  :^  "•  *-  •   •.*••'/*  ri;  *  •/>  :<•    v ' /-.''  >  •  .-^ 

stronfiTj"** 'j^'-"^"  '^'^  '  '"*-*      i''i    *"'    ■*  *'    *.•-••*•    •  .'•  'f*A'"f/t'^  y ^*  1 

shorter  :h.tr  -: —  '■'.  ;.    -.:        i,  •.»--.>•*  •.•;?.•  •■:,  ■•  -./«••  ••  -  .*    v" 

longer  *'T.i.7.  ''^.\.\    •*-*■.     -  ;  -•     .  y--'       •  v;,<i-.''.*/    -/i    -i  ■       ^-y    -.,    ', 

opercul'i:^        -" x\^\   -:-;•-■■•;•'••.»      '• .   -.i  • 
short.  '*:&"•':':;    '•^-       ,.  .»-  •      *  ,•■/    ^ ' 

^xr   T'    t.r.:':  '  -  •     •  •  ^    'rv^-       .' * '   -    ^ 

?>i^--:        ^      •     .  .        ^        .   .     %        -         -  .  •        •   .        >      1^      > 
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DESCRIPTION  OF  A  NEW  GENUS  AND  SPECIES  OF 
HUMMINGBIRD  FROM  PANAMA 

By  E.  W.  nelson 

Since  January,  191 1,  Mr.  E.  A.  Goldman,  of  the  Biological  Survey, 
U.  S.  Department  of  Agriculture,  has  been  detailed  to  the  Smith- 
sonian Biological  Survey  of  the  Panama  Canal  Zone  to  collect 
mammals  and  birds  in  the  Canal  Zone  and  adjacent  parts  of  Panama. 
The  most  interesting  discovery  in  his  work  to  date  has  been  a  hum- 
mingbird representing  a  beautiful  new  genus  and  species.  The  type 
came  from  the  higher  slopes  of  the  Cerro  Azul,  which  rises  to  an 
altitude  of  3200  feet  about  15  miles  northwest  of  Chepo,  Panama. 
This  high  mountain  lies  at  the  extreme  headwaters  of  the  Chagres 
River,  and  Mr.  Goldman  writes  that  it  is  covered  with  forest  which 
becomes  smaller  on  the  upper  parts  where  these  hummingbirds  live. 

I  am  indebted  to  Mr.  Robert  Ridgway,  Curator  of  Birds,  in  the 
I'.  S.  National  Museum,  for  directing  my  attention  to  the  marked 
characters  of  this  interesting  hummingbird. 

60LDMANIA,  new  genus 

Type  Goldmania  violiceps,  new  species.  Genus  named  in  honor  of 
Mr.  E.  A.  Goldman. 

Generic  characters. — In  general  appearance  similar  to  Saucerot- 
tea,  but  under-tail  coverts  small  and  very  short;  the  three  median 
ones  remarkably  specialized,  being  very  narrow  at  base,  broad  and 
strongly  decurved  distally  and  ver}'  stiff ;  tenth,  or  outermost  primary, 
shorter  than  ninth  and  abruptly  attenuate  near  tip  in  adult  male ;  bill 
longer  than  head,  terete,  narrow,  slightly  expanded  basally  and  nasal 
operculum  overlapping  edge  of  mandible:  feathers  on  tarsus  very 
short,  leaving  inner  side  completely  exposed. 

GOLDMANIA  VIOLICEPS,  new  species 

Type  Xo.  207754,  adult  male,  U.  S.  National  Museum,  Biological 
Survey  collection,  from  Cerro  Azul,  northwest  of  Chepo,  Panama 
(3000  ft.  altitude)  ;  collected  by  E.  A.  Goldman,  March  23,  1911. 
f  Original  number  14 173.) 
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mandible  dusky,  lower  one  pale  at  base  and  becoming  more  dusky 
horn  color  on  terminal  two-thirds. 

Immature  male. — Upper  parts  plain  green,  nearly  as  in  adult 
females,  but  rather  brighter ;  under  parts  green  mixed  with  grayish 
white  on  borders  of  feathers,  especially  on  neck  and  breast,  where 
the  green  in  form  of  subterminal  semilunar  spots  on  median  area 
give  a  scaled  appearance;  sides  of  neck  and  body  and  abdomen 
washed  with  duller  metallic  green ;  wings,  tail  and  bill  as  in  adult 
male,  except  broader  bronze  green  tips  to  tail  feathers  and  small 
terminal  whitish  spots  at  extreme  tips,  smaller  than  those  in  females. 

Measurements. — Adult  male  (type),  wing,  52.5  mm.;  tail,  32.5 
mm. ;  culmen,  19  mm.  Adult  feniale,  wing,  47.5  mm. ;  tail,  25.5  mm. ; 
culmen,  19  mm. 
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TWO  NEW  SUBSPECIES  OF  BIRDS  FROM  PANAMA 

By  E.  W.  nelson 

While  working  on  the  Smithsonian  Biological  Survey  of  the 
Canal  Zone/  Mr.  E.  A.  Goldman  of  the  Biological  Survey,  United 
States  Department  of  Agriculture,  collected  specimens  of  two 
undescribed  subspecies  of  birds  which  are  characterized  below. 

HTLOMANES  MOMOTULA  OBSCURUS  subsp.  nov. 

Panama  Pigmy  Motmol. 

Type  No.  229477,  adult  female,  U.  S.  National  Museum,  Bio- 
logical Survey  Collection,  from  Cerro  Brujo,  Panama ;  collected 
by  E.  A.  Goldman,  June  7,  1911.     (Original  number  15049.) 

Subspeciiic  characters, — Size  same  as  in  typical  momoiula^  but  col- 
ors generally  darker  ;  the  back  and  rump  parrot  green  of  Ridgway  ; 
outside  of  wings  and  top  of  tail  olive  green  ;  breast  and  sides  of 
neck  and  body  darker,  more  olive,  especially  along  flanks ;  bend 
of  wing  olive  brownish  and  under  wing  coverts  darker  buffy. 

PACHYSYLVIA   OCHRACEICEPS   BRBVIPENNIS   subsp.   nov. 

Panama  Pachysylvia. 

Type  No.  229476,  adult  male,  U.  S.  National  Museum,  Bio- 
logical Survey  Collection,  from  Lion  Hill,  Canal  Zone ;  collected 
by  E.  A.  Goldman,  May  i,  191 1.     (Original  number  14686.) 

Subspecific  characters. — Nearest  pallidipectusy  but  with  much 
shorter  wings  and  tail ;  forehead  and  crown  similarly  tawny,  but 
rest  of  upper  parts  of  body  from  nape  to  upper  tail  coverts  much 
more  olive  greenish ;  middle  of  back,  scapulars  and  wing  coverts 
dull  olive  brown,  with  much  less  russet  than  in  either  of  the  other 
forms  ;  under  parts  of  body  from  breast  to  under  tail  coverts  pale, 
dingy,  greenish  yellow,  with  scarcely  a  trace  of  the  ochraceous 
brown  suffusion  so  marked  in  ochraceiceps  and  pallidipectus. 

Measurements  of  type. — Wing,  53  mm.  ;  tail,  40  mm.  ;  tarsus,  17 
mm. :  culmen,  13  mm. 

Remarks. — The  great  diflFerence  in  length  of  wing  and  tail  between 
the  present  form  and  the  other  subspecies,  combined  with  the  color 
differences,  are  almost  sufficient  to  warrant  giving  this  bird  specific 
rank.     One  pair,  shot  on  May  i,  were  the  only  specimens  taken. 

*  This  paper  is  the  second  dealing  with  the  resuhs  of  the  Smithsonian  Bio- 
logical Survey  of  the  Canal  Zone. 
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NO.  23  ON    PSOMIOCARPA,    A   GENUS   OF    FERNS — CHRIST  3 

The  sporang^ia,  which  are  smooth,  g^lobose,  pedicellate,  with 
thick  ring^s  of  at  least  20  articulations,  as  well  as  the  ovate,  brown 
spores,  are  perfectly  alike  in  the  three  species. 

As  to  the  shape  of  the  fertile  seg^ments,  the  distinction  between 
**g:lobose"  and  **elong:ate'*  is  not  absolute.  For  example,  a  single 
specimen  of  Psomiocarpci  apiifolia,  collected  in  1895  at  San  Ramon, 
Mindanao,  by  Copeland  (no.  1777)^  has  a  fertile  frond  the  pinnules 
of  which  are  not  g^lobose,  but  elong^ate  and  confluent,  very  much  as 
in  the  American  species. 

The  presence  of  such  a  striking  genus  in  Asia  and  America, 
although  surprising,  is  not  without  parallel.  One  need  cite  only 
the  case  of  Loxsoma  of  New  Zealand  and  Loxsomopsis  of  Costa 
Rica. 

The  phylogenetic  relations  of  Psomiocarpa  tend  toward  Dryop- 
teris  and  not  Polybotrya.  The  latter  seems  to  have  rather  more 
affinity  to  Polystichum,  an  intermediate  form  being  Polystichum 
apiifolhim  C.  Chr.  (Dicksonia  Sw.;  syn.  Nephroditim  duale  Donn.- 
Smith),  which  shows  the  trailing  rhizome  and  the  contracted  fertile 
frond  of  Polybotrya,  though  it  has  also  a  reniform  indusium. 


A  REMARKABLE   NEW  FERN    FROM  PANAMA 

By  WILLIAM  R.  MAXON 
(With  Threx  Plates) 

Toward  the  last  of  February,  1911,  in  the  course  of  fieldwork 
connected  with  the  Smithsonian  Biolog^ical  Survey  of  the  Panama 
Canal  Zone,  I  accompanied  Mr.  Henry  Pittier  from  the  Canal 
Zone,  where  our  work  had  been  carried  on  up  to  that  time,  to 
Chiriqui,  the  westernmost  province  of  Panama,  and  spent  nearly 
all  of  March  in  collecting  plants — mainly  ferns  and  lower  crypto- 
gams— in  the  mountains  north  of  David,  the  principal  city  of  the 
province.  As  indicating  in  a  general  way  the  character  of  this 
region,  the  following  notes  may  be  of  value,  inasmuch  as  other  new 
ferns  will  be  described  later,  in  advance  of  a  proposed  paper  dealing 
with  the  fern  flora  of  Panama  as  a  whole. 

Our  base  of  operations  was  the  small  town  of  El  Boquete,  which 
lies  at  an  altitude  of  about  i ,  100  meters  upon  the  immediate  southern 
base  of  the  extensive  east-and-west  range  of  mountains  here  forming 
the  Continental  Divide,  and  is  reached  from  David  by  means  of  a 
rather  indifferent  ox-road  of  nearly  35  miles.  The  contrast  between 
the  gentle  slopes  of  the  open  and  nearly  treeless  wind-swept  savan- 
nah region,  through  which  the  trail  extends  practically  its  whole 
length,  and  the  territory  from  which  the  Rio  Caldera  issues  abruptly 
at  the  foot  of  the  mountains,  is  most  pronounced.  Ferns,  which 
have  been  almost  wholly  wanting  below,  here  become  a  conspicu- 
ous part  of  the  vegetation.  From  El  Boquete  a  few  trails  lead  in 
various  directions  to  the  upper  slopes  of  the  heavily  forested  moun- 
tains and  under  tolerably  good  weather  conditions  afford  fair  oppor- 
tunity for  collecting.  In  less  favorable  weather,  however,  the  term 
"rain  forest"  here  acquires  a  new  and  truer  significance  :  conditions 
of  such  intense  and  apparently  perpetual  humidity  I  have  never 
seen  in  other  parts  of  tropical  America  as  here  in  the  Cordillera 
of  Chiriqui. 

The  most  extended  trips  taken  from  El  Boquete  were  one  of  four 
days  to  the  summit  of  Chiriqui  Volcano,  which  lies  just  south  of 
the  Cordillera  and  wholly  in  the  dry  zone;  another  to  the  twin 
peaks  Cerro  de  la  Horqueta,  at  the  summit  of  the  Cordillera ;  and  a 
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under  surfaces  are  browner,  less  grayish,  in  kUimensis  than   in 
neumannu 

CISTICOLA  SUBRUFICAPILLA  iBQUATORIALIS,  new  subspecies 

Equatorial  Grass- Warbler 

Type-specimen, — Adult  male.  Cat.  No.  214431,  U.  S.  N.  M.  Col- 
lected at  Lake  Naivasha,  altitude  6,350  feet,  British  East  Africa, 
July  22,  1909,  by  Edgar  A.  Meams.    Original  niunber,  16355. 

Characters, — Much  larger  than  Cisticola  subruficapilla  subruHca- 
pilla  (A.  Smith)  ;  coloration  darker;  median  stripes  on  feathers  of 
upper  parts  broader  and  blacker ;  tail  and  outer  aspect  of  wings  less 
rufescent. 

Description, — Pileum  and  cervix  pale  sepia,  the  feathers  centrally 
striped  with  blackish  brown ;  lores  white  or  (sometimes)  rusty 
white ;  no  light  stripe  above  eye ;  ear-coverts  grayish  brown ;  back, 
rump,  and  upper  tail-coverts  dark  hair  brown,  the  feathers  of  the 
mantle  with  conspicuous  brownish-black  centers ;  wings  externally 
dark  brown,  with  outer  webs  edged  with  dull  cinnamon ;  tail  above 
dark  reddish  brown,  obscurely  fasciated,  all  but  the  central  pair  of 
rectrices  subterminally  banded  with  black  and  tipped  with  pale 
drab ;  chin  and  upper  throat  white ;  middle  of  chest  and  abdomen 
white,  washed  with  cream-bufF;  sides  brownish  gray  washed  with 
buff ;  thighs  clay  color ;  axillars  and  bend  of  wing  creamy  white ; 
under  wing-coverts  and  inner  border  of  quills  pinkish  buff ;  crissum 
cream-buff;  under  surface  of  tail  pale  drab  (sometimes  rusty),  the 
feathers  subterminally  crossed  by  a  complete  black  band  about  five 
millimeters  in  width.  Iris  yellowish  brown ;  bill  blackish  brown 
above  and  flesh  color  below ;  feet  and  claws  light  brown. 

Measurements  of  type  (adult  male). — Length  (of  skin),  140; 
wing,  61  ;  tail,  58;  exposed  culmen  (chord),  13.5  ;  tarsus,  24. 

Az'crage  measurements  of  eight  adult  males. — Wing,  66.1 ;  tail, 
58.3;  culmen  (chord),  13.4;  tarsus,  24.5. 

Average  measurements  of  four  adult  females. — Wing,  57 ;  tail, 
49.3;  culmen  (chord),  12.3;  tarsus,  23.6. 

Measurements  of  one  adult  male  topotype  of  Cisticola  subrufica- 
pilla  suhruficapilla. — Wing,  52;  tail,  50;  culmen  (chord),  11.2;  tar- 
sus, 20. 

Material. — Twelve  adults  from  Juja  Farm  (Athi  River),  Heat- 
ley*s  Farm  (Kamiti),  Southern  N'Guaso  Nyiro  River  (Sotik  Dis- 
trict), Oljoro-o-Nyon  River,  Lake  Naivasha,  Gilgil,  Laikipia,  and 
Guaso  Nviro  River,  all  in  British  East  Africa. 
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CISTICOLA  SUBRUFICAPILLA  BOREA,  new  subspecies 

Northern  Grass- Warbler 

Typc-spccimcn. — Adult  male.  Cat.  No.  217127,  U.  S.  N.  Al.  Col- 
lected at  "  Rhino  Camp/* '  on  the  Bahr  el  Jebel,  Lado  Enclave. 
Africa,  January  30,  19 10,  by  Edgar  A.  Mearns.  Original  number 
18244. 

Characters. — Similar  to  Cisticola  subruficapilla  ccquatorialis 
Mearns,  but  smaller  and  much  paler  in  coloration. 

Description. — Pileum  and  cervix  pale  bistre,  the  feathers  centrally 
striped  with  dark  brown ;  lores  white ;  ear-coverts  and  sides  of  neck 
drab ;  back,  rump,  and  upper  tail-coverts  light  hair  brown,  the 
feathers  of  the  mantle  with  dark  brown  centers ;  wings  dark  brown, 
with  fulvous  edging  to  the  outer  webs  of  the  primaries,  and  drab 
edging  to  the  outer  webs  of  the  secondaries  and  wing-coverts ;  tail 
broccoli  brown,  obscurely  fasciated,  all  but  the  central  pair  of 
feathers  crossed  by  a  subterminal  black  band  and  narrowly  tipped 
with  ecru  drab ;  chin,  throat,  and  middle  of  abdomen  white ;  sides 
pale  grayish  drab  washed  with  cream-bufF;  thighs  pale  brownish 
gray :  axillars  and  lining  of  wings  creamy  white ;  under  wing-coverts 
and  inner  border  of  quills  pale  pinkish  buflf;  under  tail-coverts 
sc^iled  white ;  under  surface  of  tail  ecru  drab,  the  feathers  subter- 
minally  crossed  by  a  complete  black  band  about  four  millimeters  in 
width.  Bill  (in  dry  skin)  dark  brown  above  and  flesh  color  below: 
feet  and  claws  light  brown. 

Measurements  of  type  (adult  male.) — Length  (of  skin),  132; 
wing,  62  ;  tail,  54 ;  culmen  (chord),  13.5  ;  tarsus,  25.5. 

Measurements  of  adult  male  (Cat.  No.  2x7129,  Rahr  el  Jebel  at 
Gondokoro,  ITganda.  February  25,  1910). — Wing,  64;  tail,  58; 
culmen  (chord).  13;  tarsus,  25. 

CISTICOLA  ALLENI,  new  species 

Allen's  Grass-Warbler 

Type-Specimen. — Adult  male.  Cat.  No.  5^127,  Museum  of  Com- 
parative Zoology,  Cambridge,  Massachusetts.  Collected  on  the  Meru 
River,  British  East  Africa,  August  12,  i()()9,  by  Dr.  Glover  M.  Allen. 

Characters. — This  species  appears  to  be  most  closely  related  to 
the  Cisticola  suhruficapiUa  grouj),  from  which  it  differs  in  the  rela- 
tively stouter,  more  curved  bill,  pallid  grayish  coloration,  cinereous 
(axXqv  aspect  of  the  primaries,  and  white  tips  to  the  tail-feathers. 


'  •'  Rhino  Gimp  "  is  on  the  left  (west)  bank  of  the  Nile  (**  Bahrcl  Jcbcl  "). 
ahoiit  15  miles  north  of  Wadelai,  latitude  2®  55'  north. 
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Description, — ^Upper  parts  brownish  gray,  slightly  rufescent  on 
the  crown ;  feathers  of  mantle  and  crown  centrally  striped  with  dark 
brown;  wing-coverts  and  quill- feathers  dark  brown  with  broad 
hoary  edging;  feathers  of  mmp  and  upper  tail-coverts  cinereous, 
with  obsolete  median  dark  streaks;  rectrices  dusky  brownish  gray, 
obscurely  fasciated,  all  but  the  central  pair  with  a  broad  subter- 
minal  band  of  black  and  pure  white  tijf ;  lores  and  sides  of  face, 
below  eye,  white ;  ear-coverts  pale  grayish  brown ;  under  parts  white 
with  a  faint  tinge  of  buff  across  chest  and  along  sides ;  edge  of  wing 
white ;  under  wing-coverts  creamy  white ;  inner  border  of  quill- 
feathers  buffy  white;  under  surface  of  rectrices  gray,  all  but  the 
middle  pair  crossed  by  a  subterminal  black  bar  seven  millimeters  in 
width  and  broadly  tipped  with  pure  white.  Bill,  in  dry  specimens, 
pale  brown  above,  flesh  color  on  mandible  and  sides  of  maxilla ;  feet 
and  claws  light  brown. 

Measurements  of  type  (adult  male). — ^Length  (of  skin),  115; 
wing,  63  ;  tail,  57 ;  culmen  (chord),  13 ;  tarsus,  23. 

Measurements  of  adult  male  topotype. — Length,  115;  wing,  67; 
tail,  55  ;  culmen  (chord),  12 ;  tarsus,  24. 

Material — Two  adult  males,  collected  by  Dr.  Glover  M.  Allen,  on 
the  Meru  and  Guaso  Nyiro  Rivers,  north  of  Mount  Kenia,  in 
British  East  Africa. 

CISTICOLA   STRANGEI   KAPITENSIS,   new  subspecies 

Kapiti  Plains  Grass-Warbler 

Type-Specimen. — Adult  male.  Cat.  No.  213547,  U.  S.  N.  M.  Col- 
lected at  Potha,  altitude  4250  feet,  Kapiti  Plains,  British  East  Africa, 
April  29,  1909,  by  Edgar  A.  Mearns.    Original  number,  15644. 

Characters. — Most  closely  related  to  Cisticola  strangei  pachy- 
rhyncha  (Heuglin),*  from  the  "  forest-region  of  Bongo,  in  Central 
Africa,"  from  which  it  differs  in  being  much  paler  and  more  grayish. 
Cisticola  argentea  Reichenow,*  which  is  apparently  a  subspecies  of 
Cisticola  strangei  (Eraser),*  is  larger,  grayer,  and  with  more  gray- 
ish sides  than  the  present  form.  The  salient  differences  in  three 
closely  related  forms  of  Cisticola  strangei  may  be  stated  as  follows : 


^Ibis.  1869.  pp.  130  and  131,  in  text  (new  name  for  valida  Peters). 
'Ornith.  Monatsb.,  Vol.  13,  1905.  p.  25. 

''  Dryffioica  strau^ei  L.  Fraser,  Proc.  Zool.  Soc.   Lond.,  Pt.  II,  No.  I2I, 
July,  1843,  P-   16. 
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faint  cross-bars,  subterminally  banded  on  all  of  the  feathers  with 
obsolete  dusky  bars  which  are  black  on  the  under  surface,  and 
tipped  with  grayish  drab ;  lores  and  supraorbital  stripe  soiled  white ; 
sides  of  head  pale  grayish  brown ;  under  parts  pale  grayish  brown, 
whitish  on  throat  and  middle  of  abdomen;  thighs  broccoli  brown; 
edge  of  wing  white;  under  wing-coverts  buff-yellow;  inner  webs 
of  quills  buffy  gray ;  under  side  of  tail  grayish  drab,  subterminally 
banded  with  black  (these  bands  about  six  millimeters  in  width  on 
outer  rcctrices),  and  broadly  tipped  with  yellowish  drab.  In  the  dry 
skin  the  ridge  of  the  maxilla  is  brown,  the  mandible  and  sides  of 
maxilla  flesh  color ;  feet  and  claws  pale  yellowish  brown. 

Measurements  of  type  (and  only  specimen). — Length  (of  skin), 
120;  wing,  54;  tail,  52;  culmen  (chord),  12.5;  tarsus,  21 ;  width  of 
middle  tail-feather,  10. 

CISTICOLA  HYPOXANTHA  REICHENOWI,  new  subspecies 

Reichenow's  Grass- Warbler 

Cisticola  hypoxantha  Oberholser,   Proc.  U.  S.  Nat.  Mus.,  Vol.  30,  1906, 
p.  805. 

Type-Specimen, — Adult  male.  Cat.  No.  215430,  U.  S.  N.  M.  Col- 
lected at  Changamwe  (sea-level),  British  East  Africa,  November 
30,  1909,  by  Edgar  A.  Mearns.    Original  number,  17702. 

Characters. — Similar  to  Cisticola  hypoxantha  hypoxantha  Hart- 
laub  from  the  upper  Nile  Valley,  but  paler,  and  less  distinctly 
streaked  above.* 

Measurements  of  type  (adult  male). — Length  (of  skin),  100; 
wing.  48 ;  tail,  37  ;  exposed  culmen  (chord),  10.3  ;  tarsus,  20. 

Material. — Eight  specimens  of  the  present  form  from  Mombasa 
and  Changamwe,  on  the  coast  of  British  East  Africa ;  five  specimens 
of  Cisticola  hypoxantha  hypoxantha  Hartlaub  from  near  the  type 
locality  (Lake  Albert). 

Remarks. — Dr.  Reichenow,  to  whom  the  specimens  collected  by 
William  Doherty  at  Mombasa  were  submitted,  considered  this  form 
distinct ;  but  in  the  absence  of  specimens  from  the  type  locality  of 
Cisticola  hypoxantha,  Mr.  Oberholser  was  unwilling  to  name  the 
Mombasa  bird,  which  T  now  take  pleasure  in  naming  for  Dr.  Anton 
Reichenow. 

'  For  a  detailed  description  of  this  form   see  Oberholser,  Proc.  U.  S.  Nat. 
Mus..  Vol.  30,  Juno  4.  1006.  p.  806. 
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Remarks. — This  chipmunk  is  not  closely  related  to  either  Eutamias 
affinis  or  E,  borealis,  but  is  apparently  a  northern  form  of  luteiventris. 
It  bears  some  resemblance  to  Eutamias  felix,  but  is  readily  dis- 
tinguished from  that  species  by  its  much  less  reddish  coloration.  The 
close  similarity  between  the  skulls  of  felix,  ludibundus,  and  luieiven- 
tris,  and  the  general  type  of  coloration  exhibited  by  all  three,  make 
it  seem  possible  that  series  of  specimens  collected  between  the  known 
ranges  will  show  intergradation  between  these  forms.  At  present 
the  material  does  not  warrant  treating  them  as  subspecies.  From  E. 
borealis,  with  which  it  does  not  intergrade,  in  this  region  at  least, 
ludibufidus  may  be  easily  separated  by  its  large  size,  large  foot,  red- 
dish, not  gray,  tail,  and  larger  skull.  Specimens  of  E.  borealis  were 
collected  by  our  party  at  Prairie  Creek,  and  at  Brule  Lake,  Alberta. 
West  of  these  points,  at  Henr}-  House,  Alberta,  and  along  the  British 
Columbia  boundary  line,  all  the  chipmunks  collected  are  of  this  new 
form.  From  E.  affinis,  this  form  differs  conspicuously  in  the  general 
color  of  the  back  and  rump,  showing  far  less  clear  white,  and  with 
nmip,  legs,  and  inner  light  stripes  much  darker  brownish-gray ; 
cheeks,  shoulders,  and  sides  very  much  darker.  I  am  under  obliga- 
tions to  Mr.  Arthur  H.  Howell  for  pertinent  criticism  and  assistance 
during  my  work  in  this  most  difficult  genus. 

A  large  series  of  specimens  of  this  new  chipmunk  was  collected,  all 
from  the  region  along  the  boundary  line  between  British  Columbia  and 
Alberta,  from  Yellowhead  Pass  northward. 

CALLOSPERMOPHILUS  LATERALIS  TESCORUM,  subsp.  nov. 

7\fpc  from  head  of  Moose  r\iss  ])ranch  of  the  Smoky  River,  Alberta 
(near  Moose  Pass,  F>.  C),  at  7000  feet.  Cat.  No.  1 74165,  U.  S. 
National  ^^useuln ;  skin  and  skull,  male  adult.  Collected  August  2, 
191 1.     N.  Hollister  ;  original  No.  3863. 

Genera!  characters. — Nearest  to  Callospcrmophihis  lateralis  einer- 
ascens,  l)ut  larger,  darker,  and  richer  colored ;  mantle  darker  and 
extending  further  hack  over  shoulders :  under  side  of  tail  clear  cinna- 
mon color  witli  black  sul)terininal  border  to  hairs  (in  cineraseens  the 
under  side  of  tlie  tail  is  mixed  i)ale  buff  and  black)  ;  upper  side  of  tail 
with  less  black. 

Color  of  type. — Nose,  top  and  sides  of  head,  neck  and  shoulders, 
glossy  Mars  brown  ;  ring  around  eyes,  whitish  ;  back  grizzled  brown- 
ish-gray, darkening  on  rump.  Lateral  stripes  sharp  and  distinct,  the 
dark  ones  clear  Mack  from  shoulders  to  middle  of  body,  the  posterior 
half  colored  like  back  ;  inner  black  stripes  short,  reaching  only  little 
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tibia,  17  ;  ear  from  notch,  13  ;  tragus  from  notch,  6.7  (from  dry  skin). 
Skull:  Condylobasal  length,  13.7;  breadth  of  braincase,  8.0;  interor- 
bital  breadth,  4.4 ;  upper  tooth  row,  including  canine,  5.4. 

Remarks. — This  bat  is  immediately  distinguishable  from  any  species 
known  from  the  United  States  and  Canada  by  the  peculiar  high  and 
inflated  braincase  and  apparent  shortness  of  the  rostrum.  The  color 
is  even  slightly  darker  than  the  darkest  skins  of  M.  I.  aiascensis  and 
M,  y.  saturatus  that  I  have  seen.  It  is  slightly  larger  than  M.  keenii, 
with  smaller  ear  and  tragus.  The  species  is  based  upon  a  single 
specimen. 

MTOTIS  PERNOX9  sp.  noY. 

Type  from  Henry  House,  Alberta.  Cat.  No.  174134,  U.  S.  National 
Museum;  skin  and  skull,  adult  male.  Collected  September  6,  191 1. 
J.  H.  Riley;  original  No.  2318. 

General  characters. — A  dark  brown  Myotis,  externally  resembling 
M.  lucifugus  lucifugus,  but  with  larger  foot.  Interfemoral  mem- 
brane edgeil  with  scattering  hairs.  Skull  differs  from  that  of  luci- 
fugus in  its  larger  size  and  more  depressed  braincase. 

Color  of  type. — Upperparts  uniform  glossy  brown,  nearest  to  the 
bistre  of  Ridgway ;  underparts  dark  Isabella  color ;  ears  and  mem- 
branes blackish. 

Skull  and  teeth. — The  skull  is  essentially  like  that  of  M,  lucifugus 
lucifugus,  except  that  the  size  is  greater,  and  the  braincase  is  much 
flattened.  The  ventral  surface,  including  the  teeth,  presents  much  the 
same  appearance,  except  for  size,  as  does  that  of  lucifugus. 

Measurements. — T\pe  and  topotype,  the  latter  in  parentheses :  Head 
and  body,  53  mm.  (54)  :  tail  vertebn-e,  39  (44)  ;  hind  foot,  11  (12), 
measured  in  flesh  by  collector.  Forearm,  37.7  (38.6)  ;  tibia,  16.7 
(17)  ;  ear  from  notch,  12.5  ( 12.2)  ;  tragus  from  notch,  7.6  (8.0),  from 
dr\'  skin.  Skull :  Condylobasal  length,  14.8  (14.9)  ;  breadth  of  brain- 
case, 8.0  (8.0)  ;  interorbital  breadth,  4.1  (4.2)  ;  upper  tooth  row,  in- 
cluding canine,  5.5  (5.7). 

Reworks. — This  bat  might,  from  external  examination,  be  readily 
mistaken  for  M.  lucifugus  lucifugus,  but  the  characters  of  the  skull 
will  at  once  distinguisli  it.  The  black  ears  and  membranes  also  serve 
to  separate  it ;  ,1/.  /.  lucifugus  has  brown  wings  and  interfemoral  mem- 
brane. Two  specimens  of  this  species,  both  males,  were  collected  the 
same  cvei*inj^. 
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A  NEW  KINGFISHER  FROM  PANAMA 

By  E.  a.  GOLDMAN 

Among:  the  birds  obtained  in  the  course  of  the  Smithsonian  Bio- 
log^ical  Survey  of  Panama  *  are  28  king^fishers  of  the  Ceryle  americana 
g^roup.  Comparison  of  this  lar^  series,  and  examination  of  the 
birds  from  numerous  localities  in  northern  South  America  and  within 
the  wide  distribution  area  (Panama  to  southern  United  States) 
origfinally  assigned  to  Ceryle  septentrionalis  Sharpe,  show  that  two 
well-marked  races  have  been  united  under  this  name.  One  of  these 
rang^es  northward  through  Panama,  Costa  Rica,  Nicarag:ua,  and 
Honduras  to  Guatemala,  passing:  thence  into  the  form  which  reaches 
the  southern  border  of  the  United  States. 

When  Ceryle  seplentrionalis  Sharpe  was  originally  described  no 
type  specimen  or  type  locality  was  mentioned,  but  Mr.  C.  Chubb,  of 
the  British  Museum,  has  very  kindly  written  me,  under  date  of  Octo- 
ber 13,  iQi  ^  the  following:  **  In  reply  to  yours  respecting  Ceryle 
septentrionalis  Sharpe,  I  have  much  pleasure  in  saying  that  the 
types  of  the  original  descriptions  of  the  male  and  female  were  col- 
lected at  Teapa,  Mexico,  in  March,  no  year  or  day  of  month  given, 
by  D.  \V.  S.,  who  is  the  wife  of  H.  H.  Smith;  these  form  a  part 
of  the  Salvin-Godman  Collection.''  Teapa,  Tabasco,  Mexico,  must 
therefore  be  accepted  as  the  type  locality  of  C  a.  septentrionalis. 
Fortunately  this  locality  is  within  the  geographic  range  of  the  most 
northern  form  of  the  group,  so  that  the  name  is  well  applied. 

This  disposal  of  C.  a.  septentrionalis  leaves  the  hitherto  unsepa- 
rated  form  of  the  southern  part  of  Middle  America  without  a  name. 
It  may  be  characterized  as  follows  : 

CERYLE  AMERICANA  ISTHMICA,  new  subspecies 

Type  \xom  Rio  Indio  (near  Gatun),  Canal  Zone,  Panama.  No. 
207628.  male  adult,  U.  S.  National  Museum  (Biological  Survey 
collection) ,  collected  by  R.  A.  Goldman,  February  23,  igi  i .  Origi- 
nal number,  13820. 

'  This  paper  is  tlie  fourth  dealing  with  the  results  of  the  Smithsonian  Bio- 
loj^ical  Survey  of  the  Panama  Canal  Zone. 
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Characters, — Similar  to  C.  americana  americana^  but  larg^er,  with 
stouter  bill :  greenish-black  submalar  stripe  narrower ;  chestnut- 
rufous  pectoral  area  of  male  less  extended  anteriorly  (encroached 
upon  by  white  of  throat);  g^reenish-black  pectoral  bands  of  female 
narrower,  more  interrupted.  Similar  to  C  americana  septentrional  is  ^ 
but  smaller ;  wings  more  narrowly  banded  with  white;  pileum  much 
less  distinctly  flecked  with  white  anteriorly ;  male  with  under  parts 
more  heavily  spotted  with  greenish-black,  the  chestnut-rufous  pec- 
toral area  more  extended  anteriorly  (less  encroached  upon  by  white 
of  throat);  female  with  broader  pectoral  bands. 

Measuremejits . — Type  :  Wing,  79.5  mm.;  tail,  55.6;  culmen,  45.5  ; 
depth  of  bill  at  anterior  angle  of  nostril.  9.5 ;  width  of  bill  at  ante- 
rior angle  of  nostril,  6.7  ;  tarsus,  8.7. 
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DESCRIPTION    OF  A    NEW   SPKCIES   OF  SUXBIKl). 
HFLIOXYMi»HA  RAINEYI,  FROM   BRITISH 

EAST  AFRICA 

Bv  rd(;ar  a.  m earns 

Cpon  examining:  the  first  lot  of  birds  sent  to  the  L'nited  States 
Xational  Museum  by  the  Rainey  African  Expedition,  I  find  the 
following:  apparently  new  species'. 

HELIONYMPHA  RAINEYI,  new  species' 
Rainey 's  Wedge-tailed  Sunbird 

Typt'-specimcn. — Adult  male,  molting:.  Cat.  No.  217483,  C  S. 
N.  M.  Collected  at  the  Telek  River,  Sotik  District,  British  East 
Africa,  May  16,  191 1,  by  Edmund  Heller.     Orig:inal  number,  136. 

Characters. — In  coloration  almost  exactly  like  Cifuiyris  mari- 
qucnsis  suahelira  Reichenow,  but  with  a  much  longer  bill,  shorter 
wing:,  and  elong:ated  pointed  central  pair  of  rcctrices. 

Descriptiim. — I 'ileum,  cervix,  mantle,  and  rump  metallic  g:olden 
g:reen  ;  wing:s  brownish  blue-black  :  upper  tail-coverts  bluish  g:reen  ; 
tail  brownish  black,  the  central  feathers  narrowly  edged  with  g:reen  ; 
chin  and  throat  metallic  g:olden  g:reen  ;  upper  chest  with  a  trans- 
verse band  of  metallic  blue,  succeeded,  posteriorly,  by  a  broader 
band  of  brownish  red  ;  abdomen  and  crissum  brownish  black ;  bend 
of  wing:  metallic  g:reen  :  axillars  and  under  wing:-coverts  black.  In 
dry  skins  the  bill,  feet,  and  claws  are  black. 

Measurements  of  type  (adult  male). — Leng:th  (of  skin),  138  mm.  ; 
wing:,  (^^  *.  tail  (molting:) ,  57  ;  exposed  culmen  (chord),  22  ;  tarsus,  17. 

Measurements  of  adult  jnale  topotyPe  (Cat.  No.  217484,  C  S. 
X.  M.). — Lenj^th  (of  skin),  130;  wing:,  66:  tail  (molting:),  49: 
exposed  culmen  (chord),  22;  tarsus,  18. 

Remarks. — This  bird  is  most  closely  related  to  Helianympha 
erythrocerca  (Heug:lin),  but  in  coloration  bears  a  closer  resemblance 
to  Ciuuyris  ynariqueusis  suahelica  Reichenow. 

'  NaiiK'd  in  honor  of  Mr.  I*aul  J.  Rainey,  in  recognition  of  his  services  to 
biological  science  in  connection  with  the  Rainey  African  Kxpedition. 
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the  middle,  the  margins  strongly  revolute,  entire  except  at  the  min- 
utely erose-denticiilate,  acute  or  short-cuspidate  apex ;  cost^e  medial, 
perairrent,  the  leaf  in  drying  sharply  carinate  upon  the  upper  surface, 
the  costae  sometimes  evident  below  near  the  base,  but  usually  indi- 
cated along  the  under  surface  of  the  leaf  throughout  merely  by  a 
shallow  medial  furrow ;  sporophyls  conform,  rarely  more  than  lo 
mm.  long ;  sporangia  reniform,  about  2  mm.  broad,  protruding  beyond 
the  narrow  bases  of  the  sporophyls  a  distance  of  about  0.5  mm.  on 
each  side. 

Type  in  the  U.  S.  National  Herbarium,  no.  676073 ;  collected  from 
a  fallen  branch  in  humid  forest  along  the  upper  Caldera  River,  near 
Camp  I,  Holcomb's  trail,  above  El  Boquete,  Chiriqui,  Panama,  alti- 
tude about  1650  meters,  March  23,  191 1,  bv  William  R.  Maxon  (no. 
5628). 

The  specimens  here  described  were  found  upon  a  large  limb  which 
had  been  broken  off  from  an  enormous  forest  tree  upon  the  steep 
slopes  above  and  partially  obstructed  the  trail  at  a  point  not  far  above 
Camp  I.  The  species  is  very  different  from  any  reported  previously 
from  North  America,  and  from  any  South  American  species  known  to 
me.  It  is  a  coarse,  "  bushy  "  plant  and,  when  in  a  fresh  condition,  very 
heavy.  Though  not  succulent  it  was  long  in  drying,  and  then  very 
rigid.  The  arrangement  of  the  leaves  can  scarcely  be  made  out  ex- 
cept by  soaking  the  plant  in  water,  when  the  number  of  ranks  of 
leaves,  the  twisting  of  all  hut  those  of  the  two  upper  rows,  and  the 
reflexed  position  of  the  latter  are  features  which  become  readily 
apparent.  Including  the  spreading  leaves  the  diameter  of  the  larger 
stems  is  from  2.5  to  3  cm.  The  apjxarcnt  abundance  of  leafy  covering, 
which  has  suggested  the  specific  name,  is  even  more  pronounced  in 
the  living  than  in  the  dried  specimens. 

LYCOPODIUM  STAMINETTM  Mazon,  sp.  nov. 

Plate  2 

Plant  aliout  20  cni.  long,  3  times  dichotomous  ( probably  repeatedly 
so  in  larger  specimens),  the  stem  relatively  stout,  about  1.5  mm.  in 
diameter  at  the  base,  i  mm.  in  diameter  near  the  ap)ex,  more  or  less 
succulent,  flattened  in  drying;  leaves  rather  crowded  in  attachment, 
h(3rnc  apparently  in  10  ranks,  spreading  at  right  angles  to  the  stem, 
filiform,  aciciilar  in  the  outer  i)art,  10  to  17  mm.  long,  0.2  to  0.3  mm. 
broad,  bright  reil  at  the  base  (at  least  upon  the  under  side),  the 
margins  entire  and  in  drying  curved  inward  over  the  upper  surface, 
the  leaves  thus  broadly  concave  alx>ve  or  even  subtubulose ;  plant 
fertile  in  the  upper  third,  the  sporangia  borne  in  alternating  zones, 
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Central  tail  feathers  wood  brown,  more  or  less  finely  sprinkled  with 
black.  The  lateral  rectrices  dull  seal  brown,  more  or  less  variegated 
basally  on  the  outer  web  with  broccoli  brown  more  ex;tensively 
towards  the  center  of  the  tail.  Chin  and  upper  throat  dull  white 
tinged  with  buff,  sometimes  heavily  spotted  with  black.  Breast  and 
sides  varying  from  very  pale  buff  to  ochraceous  buff  finely  vermicu- 
lated  with  black.  Abdomen,  under  tail-coverts,  feet  and  wings  white. 
Shafts  of  primaries  dusky,  usually  with  a  median  dusky  streak,  which 
in  some  specimens  occupies  more  than  half  of  the  width  of  the  web 
and  in  others  is  scarcely  visible.  The  supraorbital  comb  is  highly 
developed  and  varies  in  color  from  flame  scarlet  to  orange  vermilion. 
Measurements  of  type :  wing  197,  tail  108,  tarsus  33  and  culmen  18 
millimeters. 

Description  of  female. — Upper  parts,  including  head,  back,  scapu- 
lars, upper  tail-coverts  and  central  rectrices,  variegated  with  shades 
of  ochraceous,  clay  color,  buff  and  pale  wood  brown,  heavily  and 
irregularly  barred  with  black ;  many  feathers  on  the  hind  neck,  back, 
scapulars  and  rump  have  large  central  black  spaces  and  very  broad 
black  bands.  Under  i^arts,  from  which  all  white  disappears  in  sum- 
mer, unifonn  rich  ochraceous  buff,  barred  on  the  breast  and  sides  with 
black,  sparingly  barred  on  the  alxiomen  and  but  sparingly  spotted  on 
the  throat.  Wings  white,  primaries  marked  as  in  the  male.  Tail 
similar  to  that  of  the  male.  Supraorbital  comb  smaller  and  duller 
than  that  of  the  male. 
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Let  a  rock  mass  start  at  a  and  be  thrust  to  a'.  Then  let  a  later 
thrust  carry  it  to  a".  It  will  be  isolated  by  two  thrust  planes  and 
will  be  superimposed  on  younger  strata  more  or  less  nearly  over  the 
place  from  which  it  started.  One  has  but  to  think  of  a  person  mount- 
ing a  stairway  which  turns  back  on  itself.    The  "  exotic  '*  masses  have 


a' 


a 


Fig.  3. — Intersecting  thrust  planes. 

gone  upstairs,  some  in  one  direction  only,  some  in  two ;  and  the  strata 
have  been  folded  and  squeezed  into  most  complex  and  irregular  forms 
in  the  successive  movements. 

In  conclusion  I  desire  to  express  my  appreciation  of  the  able  and 
painstaking  investigations  of  Prof.  Lugeon,  and  to  repeat  an  expres- 
sion of  regret  that  it  is  impossible  for  me  to  accept  the  theories  of 
structure  which  have  been  developed  from  his  studies. 
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of  the  chain,  however,  and  landed  on  Atka,  Kiska,  Attu,  Tanaga, 
and  Adak  islands,  besides  visiting  the  western  end  of  Unalaska 
Island,  landing  at  Chernofski.  The  whole  time  at  our  disposal  was  so 
short  that  we  could  devote  but  a  very  few  days  to  each  of  these 
islands  and  our  explorations  were  limited  to  such  small  portions  of 
them  as  we  could  reach  on  foot,  which  meant  a  small  area  within  one 
day's  walking  distance  of  the  most  frequented  or  best  harbor,  where 
we  were  obliged  to  anchor.  Long  trips  into  the  interior,  which 
would  involve  camping,  were  not  attempted  ;  our  time  was  too  limited 
to  waste  any  of  it  in  making  and  breaking  camp ;  we  were  not  familiar 
enough  with  the  region  to  know  where  to  go  and  we  had  no  facilities 
for  transporting  our  camp  outfit,  supplies,  and  provisions  over  the 
endless  succession  of  barren  mountains  surrounding  every  harbor, 
as  there  were  neither  navigable  streams  nor  trails. 

Our  reconnaissance  of  the  Aleutian  chain  was  necessarily  so  super- 
ficial and  hurried  that  it  seems  best  to  make  at  this  time  merely  a 
brief  report  of  the  results  and  not  to  attempt  to  fully  describe  the 
topography,  the  flora,  and  the  fauna  of  these  interesting  and  little 
known  islands  until  a  more  complete  biological  survey  can  be  made 
by  some  subsequent  expedition. 

In  spite  of  the  short  time  at  our  disposal,  the  four  members  of  our 
party  used  the  excellent  facilities  at  our  command  to  the  best  advan- 
tage, and  by  constant  hard  work  accomplished  very  satisfactory 
results.  Much  credit  is  due  to  the  officers  of  the  Tahoma.  who  gave 
us  most  valuable  assistance  and  did  everything  in  their  power  to 
further  the  objects  of  the  expedition.  Special  thanks  are  due  Chief 
Engineer  John  I.  Bryan,  Lieutenant  John  T.  Carr,  Lieutenant  Herbert 
N.  Perham,  and  Doctor  Louis  Schwartz,  for  much  valuable  assist- 
ance in  securing  specimens. 

Good  series  of  all  the  land  birds  were  collected  on  nearly  all  of  the 
islands  visited ;  particularly  fine  series  of  the  various  subsp)ecies  of 
ptarmigan  were  taken,  about  forty  from  each  of  the  important 
islands,  among  which  a  new  subspecies  was  discovered  inhabiting 
Tanaga  Island,  Lcii^ofyus  rnpcstris  sanfordi; '  two  species,  hitherto 
unrecorded  from  Xorth  America,  were  collected,  namely.  Calliope 
calliope  and  Hypoccntor  rustica. 

Some  other  interesting  facts  were  learned  regarding  the  distribu- 
tion and  habits  of  the  birds  of  this  region,  but  so  much  important  work 
in  this  line  still  remains  to  be  done  that  further  and  more  thorough 
explorations  would  well  be  worth  while. 


*  Described  in  Smithsonian  Misc.  Coll..  Vol.  56.  No.  30,  December,  191 1. 
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whales ;  on  account  of  this  habit  they  were  called  **  whale  birds." 
The  water  was  literally  black  with  birds  all  around  us  as  we  sailed 
through  acres  and  acres  of  them,  wildly  scrambling  to  get  out  of  our 
way  or  rising  in  great  clouds  to  sweep  away  over  the  smooth  water. 
For  several  hours  we  were  almost  constantly  seeing  or  passing 
through  these  great  rafts  of  Shearwaters  and  I  should  not  dare  to 
hazard  a  guess  as  to  how  many  hundred  thousand  we  saw. 

The  Slender-billed  Shearwater  is  supposed  to  breed  in  some  of 
the  western  Aleutian  Islands,  but  we  did  not  have  a  chance  to  investi- 
gate. 

AESTRELATA  FISHERI 

Fisher's  Petrel 

A  Species  of  Acstrclata,  apparently  fitting  the  description  of  this 
species,  was  fairly  common  in  the  Pacific  Ocean  from  one  hundred 
to  two  hundred  miles  oflf  shore,  south  of  the  Alaska  Peninsula  and 
the  Aleutian  Islands,  but  we  were  not  allowed  to  lower  a  boat  to 
secure  any.  We  saw-  a  few  also  about  the  Aleutian  Islands  and 
secured  one  specimen  at  the  entrance  to  Kiska  Harbor  on  June  17. 
This  bird  does  not  exactly  fit  the  description  of  fisheri,  and  there 
seems  to  be  some  doubt  as  to  whether  there  is  any  such  species ;  the 
three  species  of  Aestralata  known  as  scalaris,  gularis  and  fisheri 
seem  to  intergrade  more  or  less  and  it  may  yet  be  proven  that  all 
three  of  these  are  l)ased  on  individual  variations  in  a  single  species 
and  should  not  be  recognized  as  three  different  species. 

OCEANODROMA  FURCATA 

Forked-tailed  Petrel 

This  pretty  little  Petrel  was  common  in  the  north  Pacific  Ocean 
and  seen  fre(|uently  about  the  Aleutian  Islands,  breeding  on  several 
of  them.  The  only  breeding  place  we  found  was  on  Tanaga  Island, 
when  they  were  just  beginning  to  breed  on  June  25. 

Their  nests  were  in  burrows  in  the  soft  soil  at  the  base  of  a  steep 
grassy  hillside,  a  mile  or  so  inland.  Several  burrows  were  dug  out 
by  Mr.  Heck,  but  only  one  fresh  egg  was  found  and  only  one  bird 
taken. 

OCEANODROMA  LEUCORHOA 

Leach's  Petrel 

We  saw  a  few  in  the  north  l^acific  Ocean  and  a  few  about  the 
harbor  at  Kiska  where  one  was  shot. 
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FRATSRCULA  CORNICULATA 

Homed  Puffin 

A  few  pairs  were  seen  breeding  on  the  rocky  cliffs  at  St.  Paul 
Island  and  they  were  common  at  St.  Matthew  Island  on  the  high 
cliffs  among  the  Fulmars.    No  nests  of  this  species  were  examined. 

PHALERIS  PSITTACULA 

Paroquet  Auklet 

We  first  saw  this  large  White  Breasted  Auklet  when  we  approached 
the  shores  of  St.  Paul  Island  in  a  dense  fog,  the  direction  in  which 
this  and  other  birds  were  flying  helping  to  locate  it.  They  were  nest- 
ing in  inaccessible  crevices  in  the  low  rocky  cliffs  about  this  island 
where  we  saw  them  sitting  in  little  groups  on  the  rocks  or  flying 
out  to  circle  around  us.  On  Walrus  Island  we  found  them 
breeding  abundantly,  on  June  7,  where  their  nests  were  well  hidden 
under  the  piles  of  loose  rocks  on  the  beach-like  center  of  the  island, 
in  company  with  the  Tufted  Puffins,  Crested  and  Least  Auklets. 
The  rocks  were  mostly  small  so  that  we  did  not  have  much  difficulty 
in  moving  enough  of  them  to  discover  the  bright  white  eyes  and 
curious  upturned  red  bills  of  these  Auklets  as  they  sat  quietly  on 
their  single  eggs.  The  eggs  were  laid  on  the  bare  rocks  or  soil  or 
on  a  bed  of  loose  pebbles.  They  were  silent  and  very  gentle  as  they 
sat  quietly  on  their  nests,  quite  different  in  this  respect  from  the 
other  Auklets.  On  St.  Matthew  Island  we  saw  a  few  Paroquet 
Auklets,  apparently  breeding,  about  the  tops  of  the  high  rocky  cliffs, 
two  hundred  feet  above  the  sea. 

JETHIA  CRISTATELLA 

Crested  Auklet 

This  species  was  not  so  abundant  as  the  foregoing,  but  was  breed- 
ing commonly  on  Walrus  Island.  While  hunting  for  nests  among 
the  loose  rocks  we  frequently  heard  the  loud  weird  cries  of  this 
strange  bird  coming  from  the  innermost  recesses  of  the  rocks  below 
us.  By  moving  the  rocks  we  could  sometimes  see  them  sitting  on 
their  nests.  The  eggs  are  similar  to  those  of  the  Paroquet  Auklet, 
but  usually  a  little  smaller  and  more  pointed. 

^THIA  PUSILLA 

Least  Auklet 

Great  clouds  of  these  little  birds  greeted  us  on  our  arrival  at  St. 
Paul  Island,  where  thev  rose  from  the  stonv  beaches  in  swarms, 
and  were  probably  breeding  among  the  loose  rocks.     Their*  faint 
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bronze,  their  bright  scarlet  faces  and  gular  pouches  of  rich  smalt  blue, 
made  a  strikingly  handsome  combination,  as  they  stood  craning  their 
necks  at  us  in  ignorant  stupidity  as  if  they  had  never  seen  a  man 
before.  They  were  generally  silent,  but  occasionally  uttered  a  loud, 
rolling  gutteral  croak,  when  alarmed.  A  few  of  the  nests  still  con- 
tained, on  July  7,  three  or  four  eggs.  One  nest  contained  two  eggs 
of  the  Cormorant  and  a  Murres  egg,  which  may  have  rolled  into  it 
from  the  rocks  above. 

HARELDA  HYEMALIS 

Old-squaw 

Two  pairs  of  Old-squaws  in  summer  plumage  were  seen  in  a  small 
pond  near  the  village  on  St.  Paul  Island,  where  they  were  probably 
breeding. 

PHALAROPUS  FULICARIUS 
Red  Phalarope 

A  few  flocks  of  large  light-colored  Phalaropes  were  seen  flying  over 
the  northern  parts  of  Bering  Sea  and  one,  a  beautiful  adult  bird,  came 
near  enough  to  be  identified. 

ARQUATELLA  MARITIMA  PTILOCNEMIS 

Prihilof  Sandpiper 

These  Sandpipers  were  common  on  the  low  tundra  at  the  south  end 
of  St.  Matthew  Island,  in  the  interior  at  the  north  end  and  on  Hall 
Island.    Several  specimens  were  taken  by  Mr.  Kleinschmidt. 

HETERACTITIS  INCANUS 

Wandering   Tattler 

A  single  bird  of  this  species  was  heard  on  the  rocky  beach  of  St. 
Paul  Island,  near  the  fur-seal  rookeries,  on  July  6. 

LEUCOSTICTE  GRISEONUCHA 

Aleutian  Rosy  Finch 

A  few  were  seen  on  St.  Paul  Island  about  the  rocky  places  near  the 
killing  grounds. 

PLECTROPHENAX  HYPERBOREUS 

McKay's  Snow  Bunting 

The  name  hypcrborcus  well  fits  this  snow  white  bit  of  Arctic  bird 
life  which  wc  saw  sweeping  down  in  long,  curving  flights  from  the 
rocky  hills  of  St.  Matthew  Island  to  feed  around  the  edges  of  the 
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snow  glaciers  in  the  valley.  The  male  is  almost  wholly  white  and  is 
a  strikingly  conspicuous  bird  as  it  flits  about  the  rocks  of  its  summer 
home.  A  pair  were  taken  on  this  island  and  several  on  Hall  Island. 
One  nest  was  found  containing  young  nearly  fledged  in  an  almost 
inaccessible  crevice  in  the  face  of  a  rocky  cliffy,  on  July  9. 

CALCARIUS  LAPPONICUS  ALASCENSIS 

Alaska  Longspur 

They  were  fairly  common  on  St.  Paul  Island  on  the  grassy  plains 
about  the  killing  grounds. 
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This  is  a  distinct  species  related  to  V.  trifolia  which  occurs  far- 
ther east  in  Canada  and  has  been  reported  from  the  western  moun- 
tains. The  writer  has  seen  no  other  western  specimens  so  cannot 
determine  whether  the  other  material  referred  to  V,  trifolia  is  of  that 
species  or  rather  belongs  here.  Vagnera  pumila  is  distinguished 
from  the  eastern  plant  by  the  short  leaves,  small  size  of  the  plant, 
less  spreading  pedicels,  and  especially  by  the  very  short  style.  The 
raceme,  too,  is  all  exserted  beyond  the  leaves  while  in  V.  trifolia  it 
seldom  more  than  equals  them. 

ARTEMISIA  LAEVIGATA  Standley,  sp.  nov. 

Perennial ;  stems  stout,  25  to  30  cm.  high,  erect  from  an  ascend- 
ing base,  finely  striate,  reddish,  glabrous;  basal  leaves  on  slender 
petioles,  twice  pinnatifid  into  oblong-linear  acute  segments,  glabrous, 
bright  green,  thick;  cauline  leaves  mostly  once,  sometimes  twice 
pinnatifid  into  narrow  acute  segments,  the  upper  ones  sessile,  the 
lower  petiolate,  those  of  the  inflorescence  mostly  oblong-linear  and 
entire;  heads  few,  about  5  to  8,  large,  8  to  10  mm.  in  diameter, 
broadly  campanulate,  cemuous  on  slender  erect  peduncles  7  to  16 
mm.  long ;  bracts  glabrous,  3  to  4  mm.  long,  in  2  or  3  series,  ovate, 
obtuse,  with  scarious  erosc  margins,  green  with  a  broad  dark  brown 
border ;  receptacle  naked,  glabrous :  flowers  apparently  all  fertile : 
corolla  trumpet-shaped,  slightly  constricted  at  thq  throat,  2  mm. 
long,  with  short-triangular  erect  or  reflexed  lobes,  glabrous  or  with  a 
few  short  white  hairs  at  the  base,  yellowish  or  the  lobes  tinged  with 
reddish  purple ;  mature  achenes  not  seen,  the  undeveloped  ones 
short,  glabrous. 

Type  in  the  U.  S.  National  Herbarium,  no.  622563,  collected  at 
the  head  of  Smoky  River  in  western  Alberta,  August  5,  191 1,  by 
J.  H.  Riley  (no.  30). 

This  appears  to  be  most  closely  related  to  Artemisia  arctica  Less. 
It  diflfers  from  that  species  and  its  allies  in  being  quite  glabrous. 
Its  leaves,  too,  are  less  dissected  than  in  other  members  of  the  group. 

GAILLARDIA  BRACTEOSA  Standley,  sp.  nov. 

Stems  rather  slender,  tall,  about  70  cm.  high,  ascending  or  erect, 
branched  from  the  base  and  throughout,  sparingly  and.  minutely 
glandular,  beset  with  abundant  cobwebby  hairs,  purplish,  striate ; 
basal  leaves  not  seen ;  cauline  ones  lanceolate  or  oblong  lanceolate, 
35  to  80  mm.  long  and  10  to  18  mm.  wide,  entire,  acute  or  nearly 
ol^tuse,  sessile  by  a  usually  clasping  base,  bright  green,  minutely 
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glandular-puberulent  and  with  rather  few  soft,  weak,  many-celled 
hairs  on  both  surfaces ;  peduncles  long  and  tortuous,  14  to  22  cm., 
glandular-puberulent  and  abundantly  villous ;  heads,  exclusive  of 
the  rays,  2  cm.  in  diameter,  hemispheric  or  nearly  globose ;  involucral 
bracts  in  several  series,  i  to  2  cm.  long,  elliptic  or  elliptic-lanceolate, 
the  outer  much  longer  and  broader  than  the  linear  inner  ones, 
purplish  at  the  base  and  on  the  margins,  elsewhere  bright  green, 
most  of  them  abruptly  acute,  freely  arachnoid  especially  when  young ; 
rays  bright  deep  yellow,  25  to  30  mm.  long,  3-lobed  at  the  apex,  the 
lobes  oblong,  obtuse,  glabrous  on  the  upper  surface  but  bearing  a  few 
short,  several-celled  hairs  beneath ;  corollas  purplish,  the  tube  nearly 
or  quite  glabrous,  the  lobes  triangular,  acute,  glandular-villous ; 
aclienes  obpyramidal,  densely  covered  with  coarse,  appressed, 
bristle-like  hairs ;  pappus  of  lanceolate,  white,  hyaline  scales  with 
long-attenuate  tips ;  fimbrillae  of  the  receptacle  coarse,  setiform,  not 
much  longer  than  the  achenes. 

Type  in  the  U.  S.  National  Herbarium,  no.  622536,  collected  near 
Henry  House,  Alberta,  September  11,  191 1,  by  J.  H.  Riley  (no.  4). 

Our  plant,  the  northernmost  representative  of  the  genus  appar- 
ently, is  similar  to  G.  aristata  Pursh  but  is  at  once  distinguished  by 
the  elongated,  broad  outer  bracts  of  the  involucre  as  well  as  by  the 
tall  stems,  short  fimtrillae  of  the  receptacle,  entire  leaves,  and  rather 
diflPerent  pubescence. 

SVIDA  PUBSSCSlfS  (Nutt.) 

Cornus  puhescens  Nutt.  Sylva  3:  54.     1849. 

Cornus  sericca  ?  occidentalis  Torr.  &  Gr.  Fl.  N.  Amer.  i :  652.     1840. 

Cornus  occidentalis  Coville,  Contr.  Nat.  Herb.  4:  117.     1893. 

Among  the  shrubs  collected  is  one  which  appears  not  to  have  been 
segregated  from  the  genus  with  which  it  has  been  associated.  As 
has  been  shown  by  Dr.  J.  K.  Small  and  others,  the  genus  Svida  is 
a  well  marked  one,  and  should  not  be  combined  with  typical  Cornus. 
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from  western  Alaska,  in  the  great  amount  of  black  in  the  coat.  Two 
young  males  have  the  whole  crown,  nape,  lower  back,  and  feet, 
black;  and  the  tail  black  above  and  below,  narrowly  edged  with 
ochraceous. 

Skull  and  teeth. — The  skulls  of  females  are  slightly  larger  than 
male  skulls  of  M,  caligata,  and  are  about  the  size  of  male  skulls  of 
M.  olympus.  Compared  with  skulls  of  adult  females  of  ccUigata,  the 
female  skulls  of  M.  sibila  are  very  much  larger,  relatively  narrower, 
and  with  elongated  rostra.  The  orbital  ring  is  relatively  much 
smaller ;  the  tip  of  postorbital  process,  as  viewed  from  above,  almost 
in  center  between  maxillary  and  squamosal  arms  of  zygomatic  arch 
[in  caligata  much  further  back,  or  forward  only  about  one-third  the 
distance  from  squamosal  arm] ;  coronoid  process  of  mandible  re- 
duced, the  superior  notch  one  and  one-half  times  as  long  as  high  at 
point  of  coronoid  process  [in  caligata  same  length  as  height  to  point 
of  coronoid]  ;  teeth  slightly  smaller. 

Measurements  of  type  (adult  female). — Head  and  body,  510  milli- 
meters; tail  vertebrae,  210;  hind  foot,  95.  Skull  of  type  and  female 
topotype,  the  latter  in  parentheses:  Condylobasal  length,  101.5 
(104.2)  ;  palatal  length,  56.5  (62.1)  ;  postpalatal  length,  40.9  (38.5)  ; 
zygomatic  breadth,  67  (66.3)  ;  length  of  nasals,  44  (40.5)  ;  alveolar 
length  of  upijer  tooth  row,  22.5  (23.5)  ;  alveolar  length  of  mandibu- 
lar tooth  row,  21   (22.3). 

Remarks. — A  large  series  of  hoary  marmot  skulls  from  the  Alaska 
Peninsula  around  the  coast  to  Mount  Rainier,  Washington,  including 
topotypes  of  M.  z'igilis,  shows  remarkably  little  variation  in  size ;  and 
the  relative  size  of  male  and  female  skulls  is  constant.  The  males 
are  considerably  larger.  As  the  female  skulls  of  Af.  sibila  about 
equal  the  male  skulls  of  AI.  olympus,  the  new  species  must  be  the 
largest  American  marmot.  Specimens  of  the  hoary  mannot  from 
Stuart  Lake,  liarkerville,  Glacier,  and  other  points  in  British  Colum- 
bia, west  of  the  main  Rockies,  and  from  northern  Idaho,  are  much 
like  true  caligata  from  western  Alaska,  and  show  no  approach  toward 
M.  sibila  in  cranial  characters.  The  name  Arctomys  okanaganus, 
proposed  by  King  in  1836'  lor  a  hoary  marmot  from  the  southern 
interior  of  Jkitish  Columbia  thus  remains  in  synonymy,  unless  the 
caligaia-Wki:.  marmots  of  these  interior  ranges  prove  subspecifically 
separable  from  true  caligata  from  Bristol  Bay.     A  female  specimen 

*  Narrative  of  a  Journey  to  the  Arctic  Ocean,  Vol.  2,  p.  236,  1836. 
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(more  uniformly  grading  in  size  from  middle  to  outer  pair  than  in 
the  "  barren-ground  "  tj'pe,  which  decrease  by  conspicuous  steps, 
with  the  outer  pairs  very  small). 

Antlers  large  and  stout;  main  ascending  beam  rather  straight, 
without  the  low,  sweeping,  backward  curve  of  osbomi;  less  slender 
and  more  palmated. 

Measurements  of  type. — Head  and  body,  2,220  millimeters;  tail 
vertebrae,  150;  hind  foot,  690.  Skull:  Condylobasal  length,  427; 
palatal  length,  268 ;  postpalatal  length,  136.5  ;  greatest  orbital  breadth, 
182 ;  greatest  length  of  nasals,  151 ;  maxillary  tooth  row,  crowns,  112 ; 
mandibular  tooth  row,  crowns,  120;  length  of  upper  molars,  62.1 ; 
upper  premolars,  52;  greatest  breadth  of  m*,  18;  lower  molars, 
length,  crowns,  70.5 ;  lower  premolar  row,  50. 

Remarks. — From  its  large  size  and  dark  coloration,  this  species 
scarcely  needs  comparison  with  Rangifer  caribou  sylvestris  Richard- 
son, represented  in  the  National  Museum  collection  by  specimens 
from  Nelson  River,  Keewatin,  and  east  of  Lake  Winnipeg,  Manitoba. 
Six  specimens  of  Rangifer  fortidens,  all  from  the  type  locality,  have 
been  examined.  Apparently  the  females  of  this  species  are  normally 
without  antlers.  A  number  seen  and  one  killed  lacked  them,  and 
the  resident  hunters  all  told  me  this  was  the  usual  condition.  The 
cow  collected,  a  sub-adult  specimen,  has  small  knobs  on  the  skull, 
which  did  not  pierce  the  skin.  The  type  specimen,  a  magnificent  bull, 
was  shot  by  Chas.  D.  Walcott,  Jr.,  in  the  snow  fields  above  timber- 
line. 

RANGIFER  CARIBOU  SYLVESTRIS  (Richardson) 

1829.    Cervus   tarandus,  var.   /3   sylvestris    Richardson,    Fauna    Boreali- 
Americana,  Vol.  i,  p.  250. 

Type  locality. — Southwestern  shores  of  Hudson  Bay. 

Characters. — Like  Rangifer  caribou  caribou  of  eastern  Canada, 
hut  skull  longer  and  more  slender ;  rostrum  narrower ;  teeth  larger. 
the  tooth  rows,  especially  mandibular  row,  longer;  nasal  bones 
longer.  Neck  and  head  darker  in  color ;  ears,  back  and  sides  of  neck, 
much  darker,  the  hairs  ])rown  to  roots. 

Measurements  of  skulls. — Adult  male  (east  of  Lake  Winnipeg, 
Manitoba)  :  Total  length  417  millinieters ;  condylobasal  length,  398; 
greatest  orl)it.'il  breadth.  163 ;  breadth  of  rostrum  in  front  of  first 
premolars,  7^  ;  upper  tooth  row,  107;  lower  tooth  row,  1 12.5.  Adult 
female  (Nelson  River,  Keewatin)  :  Total  length,  396;  condylobasal 
length,  377;  greatest  orbital  breadth,  165.5;  breadth  of  rostrum  in 
front  of  first  premolars,  68 ;  upper  tooth  row,  102.5 '»  lower  tooth 
row,  1 13.5. 
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frons.  The  two  skulls  of  R.  granti  available  for  comparison  are 
peculiar  in  the  hypsodont  character  of  the  molariform  teeth.  Two 
skulls,  collected  by  Lieutenant  Ray  on  the  Meade  River,  are  referred 
to  this  new  species.  Unfortunately  no  skins  of  caribou  from  the 
Arctic  coast  of  Alaska  are  available,  and  the  external  characters  of 
this  form  can  not  now  be  described. 

RAHGIFER  PHTLARCHUS,  sp.  noy. 

Type  from  southeastern  Kamchatka.  Cat.  no.  21343,  U.  S. 
National  Museum.  Adult  male,  skull.  Collected  in  1883,  by  Dr. 
Leonhard  Stejneger.    Orig.  no.  2709. 

Characters. — Largest  of  the  Palearctic  reindeer;  exceeds  Rangi- 
fer  tarandus  fennicus  of  Finland  in  every  important  cranial  measure- 
ment. Skull  very  much  larger  than  that  of  R,  t.  sibiricus,  with 
higher  braincase  and  smaller  teeth. 

Skull  and  teeth, — Skull  large,  massive,  and  elongated.  Compared 
with  measurements  of  skull  of  R,  t.  sibiricus,  as  published  by  Doctor 
Lonnbcrg,*  it  is  very  much  larger  than  that  form,  with  a  relatively 
narrower  rostrum.  Braincase  high  and  rounded ;  frontal  bones  con- 
cave in  center  and  rising  abruptly,  back  of  frontal  depression,  to  a 
height  of  about  35  millimeters  above  plane  of  rostrum.  Lachrymal 
vacuities  large.  Mandible  relatively  slender.  Tooth  rows  measur- 
ing less  than  in  sibiricus,  but  probably  averaging  about  same  actual 
size,  and  thus  relatively  much  smaller.  The  incisor  teeth  are,  un- 
fortunately, missing. 

Measurements. — For  measurements  of  the  type  skull  see  table 
below. 

Remarks. — As  known  from  the  skull  alone,  the  Kamchatkan  rein- 
deer i<^  a  very  different  animal  from  the  species  of  northeastern 
Siberia,  referred  by  Doctor  Lonnberg  to  R.  t.  sibiricus  Murray.  The 
name  sibiricus  dates,  however,  from  Schreber,  '*  Die  Saugthiere," 
plate  248c,  1784,  instead  of  from  Murray's  **  Geographical  Distribu- 
tion of  Mammals,"  as  stated  by  Doctor  Ix)nnberg.  This  fact  puts 
the  question  of  the  name  of  the  reindeer  from  the  Chukchi  country, 
as  represented  by  the  Nonlqvist  specimen  described  by  Doctor  Lonn- 
berg, in  a  different  light.  A  careful  review  of  the  text  for  the  rein- 
deer plates  of  Schreber's  work,  published  in  1804,  gives  little  help 
in  determining  a  type  locality  for  sibiricus.  It  is  evident  that  the 
plate  is  chiefly  based  upon  a  description  of  the  color  of  the  *  Siberian  ' 
reindeer,  furnished  Schreber  in  a  letter  from  Pallas — "  Die  sibiris- 

"Arkiv  for  Zool.,  Vol.  6,  lift,  i.  No.  4.  pp.  17-18,  1909. 
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EXPLANATION  OF  PLATES. 

Plate  i 

Molar-premolar  Rows  of  Rangifer  (Natural  Size) 

Fig.  I  R.  fort  id  ens,  upper  left  tooth  row.    Type,  cf  ad.  Smoky  River,  Alberta. 
CCat.  Xo.  174505  U.  S.  N.  M.) 

Fig.  I  a.  R.  fortidens,  lower  left  tooth  row.  Type..   J  ad.  Smoky  River,  Al- 
berta.    (Cat.  No.  174505  U.  S.  X.  M.) 

Fig.  2.  R.   osborni,  upper  left  tooth   row.     d  ad.     Klappan   River,   British 
Columbia.     (Cat.  No.  171093  U.  S.  X.  M..  Biological  Survey  Collection.) 

Fig.  2a.  R.  osborni,  lower  left  tooth  row.    J  ad.  Iskut  River,  British  Colum- 
bia.    (Cat.  No.  171092  U.  S.  N.  M.,  Biological  Survey  Collection.) 

Fig.  3.  R.  montanus,  upper  left  tooth  row.    J  ad.  Okanagan  County,  Wash- 
ington.    (Cat.  No.  105047  U.  S.  N.  M.) 

Plate  2 
Skulls  of  Rangifer  (ventral  views,  reduced) 

Fig.    I.     R.    carihon    caribou.     9   ad.     Houlton,    Maine.      (Cat.    No.    57823, 

U.  S.  X.  M.) 
Fig.  2.  R.   caribou  sylvestris.     ?  ad.     Xelson   River,  Keewatin.      (Cat.   No. 

3289.  U.  S.  N.  M.) 
Fig.  3.  R.  phylarchus.     d  ad.    Type.     Kastem  Kamchatka.     (Cat.  No.  21343, 

U.  S.  N.  M.) 

Plate  3 

Skulls  of  Rangifer  (lateral  views,  reduced) 

Fig.  i.  A',   cxcelsifrons.     6   ad.   Type.        Meade   River,   Alaska.     (Cat.    No. 

16755.  U.  S.  X.  M.) 
Fig.  2.  R.  arcticus.  d*  ad.   Fort  Rae,  Mackenzie.    (Cat.  No.  6277,  U.  S.  N.  M.) 
Vu\.  3.  R.  phylarchus.     d  ad.    Type.     Kastern  Kamchatka.     (Cat.  No.  21343, 

r.  S.  X.  M.) 


I- 
9 


I 

.1 


SMITHSONIAN  MISCELLANEOUS  COLLECTIONS 

E  56,  NUMBER  36 


DHSCRIPnONS  OF  TWELVE  NEW  SPECIES 

AND  SUBSPECIES  OF  MAMMALS 

FROM  PANAMA 


E.  A.  GOLDMAN 


(Publication  2073) 


CITY  OF  WASHINGTON 

PUBLISHED  BY  THE  SMITHSONIAN  INSTITUTION 

FEBRUARY  19,  1912 


ZU  Both  ^attimott  (pxtBt 

BAI.TIMORK,  MD  .  I.  8.   A. 


2  SMITHSONIAN    MISCELLANEOUS   COLLECTIONS  VOL.    56 

neck  and  flanks ;  under  parts  between  creani  buff  and  pinkish  buff, 
this  color  extending  to  roots  of  hairs:  ears  brown;  orbital  area 
black :  fore  feet  brownish  to  base  of  toes ;  hind  feet  and  toes  of  fore 
feet  dull  whitish ;  longer  hairs  at  base  of  tail  on  under  side  tawny 
ochraceous  :  tail  light  brownish. 

Skull, — Similar  in  general  to  that  of  chaptmMt,  but  rostrum  nar- 
ri.»wcr ;  nasals  less  prolonged  posteriorly ;  audital  processes  of  alisphe- 
noids  decidedly  smaller ;  teeth  slightly  smaller.  Differing  from  that 
of  nmtafiica  in  narrower  rostrum  and  more  strongly  developed  sub- 
raorhital  ridges. 

^fcasurcfncnts. — Total  length,  385  mm.;  tail  vertebrae,  215; 
hind  foot,  j8.  Skull  (type):  Greatest  length,  43.5:  condylobasal 
lenj^th.  4J.7:  zygomatic  breadth,  23.7:  nasals,  20  x  5.1;  interorfoital 
breadth.  (\2 :  palatal  length.  21.5:  upper  molarifomi  toothrow,  13.8; 
three  anterii^r  molariform  teeth.  6.2. 

Ixcmarks. — A  single  sjKcimen  of  this  large  pale  colored  species 
was  trapjKHl  in  an  old  banana  plantation  only  a  few  feet  above  sea 
level. 

METACHIRUS  NUDICAUDATUS  DSNTANSUS,  snbsp.  noT. 

Tyf'c  from  (iatun.  Canal  Zone,  Panama.  Xo.  172732,  male  adult. 
U.  S.  National  Museum  {  Bioloeical  Survev  Collection V  collected 
by  K.  .\.  Goldman.  January  12.  ion.    Original  number  20837. 

i/i-»;i'»\i,*  chariU'tcrs,  --Most  closely  allied  to  M.  ft.  coiombiunus ; 
color  paler,  less  tawny  ;  skull  dittering  in  detail. 

».\\\''.  -  CK-neral  color  oi  upper  parts,  including  outer  sides  of  hind 
Iciis.  near  \\Ov\i  brown,  darkened  along  back  by  blackish,  the  black 
prcdo::v.na!iTig  in  a  narrow  line  down  middle  of  rump  to  rail :  median 
area  vMi  top  of  head  clossv  black,  this  color  fading:  eraduallv  bv 
av'.rr.ixture  with  lij^b.Tcr  liairs  alon^:  a  narrowing  line  reaching  anter- 
ior! v  to  no'-e  aiu!  i^.^sicriorlv  :o  back  of  neck :  orbital  rin^rs  and  sides 
of  :vr.r.-!c  V'aokisl": :  o:ieeks.  sv.rraorbital  sixMs.  an«;  area  about  ears 
ooiiraocv  ;:>  ';:::>.  :he  OvX.r  richest  about  ears:  shoulders  suffused 
will;  p*\:-."*:\.\'"S.  ilie  Visal  c.^L^r  beini:  darker  and  she-wing  through: 
i:!L;er  :\vr:>,  :nv:h:di:K  it'ner  sivies  of  l::::bs,  vellowish  white:  outer 
siv'.os  V  :"  t.rc  'i:rb>  c^-j^i^^'.  tintrei  with  bunv :  ::^re  feet  mainlv 
v/.:sk\,  Vcv  ■'•::•;:  ,i!ri:p:!}  whitish  alone  -V.ter  side  of  tarsus  and  on 
:x>:  ::::vi  :.v:    h:!'  \\hi:c:  :a:1  ^;:sky  arvrve.  l:i:h:er  bel^w.  becorring 

<*c  .'  — >::•  :h-r  :r.  cer.eral  t"^  :"a:   ::  .\\\-wshta»:i.j.  lv:t  desthka 
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Refnarks. — The  squirrels  of  the  S,  variegatoides  group  are  very 
imperfectly  known.  The  group  includes  several  rather  localized 
forms  which  in  color  present  a  remarkably  wide  range  of  individ- 
ual variation.  Large  series  of  typical  examples  are  much  needed 
to  make  clear  many  doubtful  points.  The  Panama  form  is  doubt- 
less most  closely  allied  to  dorsalis  of  northern  Costa  Rica,  but  it 
seems  to  differ  from  typical  variegatoides  mainly  in  the  paler  color 
of  the  under  parts  in  the  phase  with  grizzled  back.  The  three  speci- 
mens obtained,  two  adults  and  one  about  half-grown,  all  lack  the 
small  upper  premolar  usually  present  in  the  squirrels  of  this  group. 

Specimens  examined. — Three,  all  from  the  t\T>e  locality. 

BnCROSCIURUS  ALFARI  VENUSTULUS,  siibsp.  noy. 

Type  from  Gatun,  Canal  Zone,  Panama.  No.  17 1030,  female 
adult,  U.  S.  National  Museum  (Biological  Survey  Collection),  col- 
lected by  E.  A.  Goldman,  March  i,  191 1.    Original  number  20955. 

General  characters. — Qosely  allied  to  alfari,  but  general  color  less 
rufescent.  Similar  to  broiimi,  but  darker  above  and  below ;  tail 
edged  with  orange  rufous  instead  of  grayish  white;  throat  more 
rusty  brown. 

Color. — Upper  parts,  including  outer  sides  of  limbs,  brownish 
black,  finely  grizzled  with  cinnamon-rufous,  or  rusty  reddish,  the 
general  effect  resulting  from  overlapping  of  black- tipped  hairs  with 
rusty  reddish  subterminal  bands ;  head,  and  especially  cheeks,  clearer 
cinnamon-rufous  than  l)ack  ;  under  parts,  including  inner  sides  of 
limbs,  grayish  brown,  somewhat  irregularly  suffused  with  cinnamon- 
rufous  ;  ears  brownish  at  tips,  clothed  on  inner  base  with  a  pardy 
cxDncealed  patch  of  moderately  long  cream-buffy  hairs ;  feet  dark 
rusty  brownish ;  tail  coarsely  grizzled  black  and  cinnamon-rufous, 
rather  broadly  edged  with  the  latter  color. 

Skull. — Similar  to  that  of  alfari,  but  nasals  narrower  posteriorly 
and  jugal  weaker  than  in  the  type  of  that  species. 

Measurements. — Type :  Total  length,  250  mm. ;  tail  vertebrae,  102 ; 
hind  foot,  40.  Skull  (type):  Greatest  length,  ^j ;  condylobasal 
length,  32.8;  zygomatic  breadth,  23.2;  nasals,  10.5;  interorbital 
breadth,  14:  palatal  length,  15:  maxillar>'  toothrow  (small  anterior 
premolar  absent),  5.5. 

Remarks. — The  pi^my  scjuirrels  typified  by  alfari  and  usually 
assigned  to  the  subgenus  Microsciurus  constitute  a  group  that  seems 
to  merit  full  generic  recognition  under  this  name.  Aside  from  the 
subgeneric   characters   currently    recognized   the   group   is    charac- 
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ORYZOMTS  FRONTALIS,  ip!  nor. 

Type  from  Corozal,  Canal  Zone,  Panama.  No.  171531,  female 
adult,  U.  S.  National  Museum  (Biological  Survey  Collection),  col- 
lected by  E.  A.  Goldman,  June  20,  191 1.    Original  number  21172. 

General  characters. — Similar  to  0.  flavicans,  but  decidedly  larger; 
color  darker ;  supraorbital  ridges  projecting  farther  over  orbits. 

Color. — Upper  parts  between  cinnamon-rufous  and  orange-rufous, 
darkened  on  head  by  more  abundant  admixed  dusky  hairs,  becoming 
paler  and  duller  along  sides ;  under  parts,  including  lips  and  inner 
sides  of  limbs  white ;  ears  and  fore  feet  brownish ;  hind  feet  dull 
white;  tail  duskv  all  round. 

Skull. — In  general  form  closely  resembling  that  of  Aavicans,  but 
much  larger;  supraorbital  ridges  more  developed,  the  edges  less 
upturned  and  shelving  farther  over  orbits. 

Measurements. — Type :  Total  length,  309  mm. ;  tail  vertebrae,  161 ; 
hind  foot,  30.  Skull  (type)  :  Greatest  length,  35.5 ;  condylobasal 
length,  33;  zygomatic  breadth,  18;  nasals,  12;  interorbital  breadth, 
6.  7 ;  interparietal,  10.2  x  5 ;  incisive  foramina,  6 ;  length  of  palatal 
bridge,  6.7 ;  maxillary  toothrow,  5. 

Remarks. — The  type  and  only  specimen  obtained  of  this  large 
species  shows  that  the  animal  is  clearly  a  member  of  the  Havicans 
group.  It  may  be  not  very  unlike  O.  tectus  Thomas,  of  Bogava, 
Chiriqui,  which  is  said  to  have  remarkably  expanded  supraorbital 
ridges,  but  the  latter  is  described  as  having  fulvous  upper  lips  and 
buflFy  under  parts  and  feet.  The  species  requires  no  close  comparison 
with  O.  Hazncans  illcctus  which  is  more  orange  buffy  in  color,  and 
has  a  different  skull — the  zygomata  much  less  squarely  spreading 
anteriorly,  and  supraorbital  ridges  less  developed.  O.  panamensis 
was  described  from  very  near  the  same  locality,  but  was  placed  in 
the  laticeps  group. 

ORYZOMYS  BOMBYCmUS,  sp.  nov. 

Type  from  Cerro  Azul  (altitude  2500  feet),  near  the  headwaters 
of  the  Chagres  River,  Panama.  No.  171105,  male  adult,  U. 
S.  National  Museum  (Biological  Survey  Collection),  collected  by 
E.  A.  Goldman.  March  26,  1911.    Original  number  21009. 

General  characters. — Similar  in  color  to  carrikeri,  but  pelage  much 
longer,  and  skull  more  slender.  Somewhat  like  talamancce,  but  color 
much  darker,  and  pelage  longer  and  softer ;  skull  with  more  slender 
rostrum,  and  differing  in  other  details. 
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prolonged    posteriorly   beyond    premaxillae ;   dentition    about   as    in 
richmondi. 

Measurements, — Type :  Total  length,  224  mm. ;  tail  vertebrae,  115 ; 
hind  foot,  31.5;  Skull  (type)  :  Greatest  length,' 27.7 ;  condylobasal 
length,  24.8;  zygomatic  breadth,  14.5;  nasals,  10.2;  interorbital 
breadth,  5.3;  interparietal,  7.3  x  1.5;  incisive  foramina,  5.6;  length 
of  palatal  bridge,  5.2 ;  maxillary  toothrow,  5. 

Remarks, — This  species  seems  to  require  comparison  only  with 
richmondi.  It  is  represented  by  a  single  specimen  taken  in  an 
abandoned  sugar  plantation  on  the  bank  of  the  Chagres  River. 

ZY60D0NT0MTS  CHSRRIEI  VENTRIOSUS,  siibap.  nov. 

Type  from  Tabemilla,  Canal  Zone,  Panama.  No.  171098,  male 
adult,  U.  S.  National  Museum  (Biological  Survey  Collection),  col- 
lected by  E.  A.  Goldman,  March  12,  191 1.    Original  number  20975. 

General  characters. — Similar  to  cherriei,  but  larger ;  general  color 
paler  and  grayer,  the  back  more  uniform,  less  distinctly  darkened 
along  median  line. 

Color, — Upper  parts  grayish  brown,  darkest  and  more  or  less 
suffused  with  yellowish,  or  light  rusty  brown,  on  median  dorsal 
area,  becoming  paler  and  grayer  along  flanks  and  outer  sides  of 
limbs ;  under  parts  dull  creamy  white,  or  gray,  the  fur  short,  and  the 
plumbeous  basal  color  showing  through ;  ears  brownish,  overlapped 
at  anterior  base  by  rather  long  rusty  hairs ;  feet  white ;  tail  nearly 
naked,  grayish  above,  whitish  below. 

Skull, — About  like  that  of  cherriei,  but  larger. 

M casurcmcnts. — Type :  Total  length,  240  mm. ;  tail  vertebrae,  104  ; 
hind  foot,  28.  Average  of  ten  adult  topotypes:  236  (220-255)  ;  102 
(94-109)  ;  27.3  (26.5-28).  SkuJl  (average  of  four  adults)  :  Great- 
est length,  31.7  (30.5-32.5)  ;  condylobasal  length,  29.6  (28.5-31)  ; 
zygomatic  breadth,  16.4  (16-17.2)  ;  nasals,  12.2  (11.2-13.5)  ;  inter- 
orbital breadth,  5  (5-5.2)  ;  interparietal,  7.7  x  3  (6.3  x  3-9  x  3.5)  ; 
incisive  foramina,  6.7  (6.2-7)  ;  length  of  palatal  bridge,  5.5  (5.5- 
5.5)  ;  maxillary  toothrow,  4.6  (4.5-4.8). 

Remarks. — This  form,  representing  the  genus  Zygodontomys  in 
the  Canal  Zone,  seems  to  be  the  most  abundant  murine  rodent  in 
the  grassy  clearings  and  second  growth  jungle  of  the  region.  It  was 
not  obtained  in  the  heavy  forest. 

Specimens  examined. — Total  number,  23,  from  the  following 
localities  in  the  Canal  Zone:  Tabernilla  (type  locality),  15 ;  Gatun,  8. 
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General  characters. — Size  about  as  in  desmarestianus,  but  color 
darker,  the  slender  hairs  paler  and  less  conspicuous  among  the 
bristles  over  dorsum ;  lateral  line  absent ;  white  of  under  parts  con- 
tinuous along  inner  side  of  hind  leg  to  foot ;  skull  massive ;  maxil- 
lary root  of  zygomata  broad  and  heavy ;  interparietal  rather  narrow, 
with  a  well-developed  anterior  angle,  and  a  small  posterior  median 
notch. 

Color. — Upper  parts  blackish,  becoming  dark  mouse  gray  along 
flanks  and  outer  sides  of  limbs,  the  slender  hairs  inconspicuous 
among  the  black-tipped  bristles ;  under  parts,  feet,  and  a  line  down 
inner  side  of  hind  leg  to  metatarsus,  white ;  tail  blackish  or  brown- 
ish above,  whitish  below,  except  at  base  where  it  is  dark  all  round 
as  usual  in  the  group. 

Skull. — Similar  to  that  of  desmarestianus,  but  interparietal  with 
a  more  prominent  anterior  angle,  and  a  posterior  median  notch  (the 
latter  absent  in  desmarestianus)  ;  parietals  less  extended  laterally 
across  temporal  ridges ;  dentition  about  the  same. 

Measurements. — Type:  Total  length,  263  mm. ;  tail  vertebrae,  134; 
hind  foot,  35.  Skull  (type)  :  Greatest  length,  37 ;  zygomatic  breadth, 
17;  interorbital  breadth,  10;  nasals,  15.2;  width  of  braincase,  15.2; 
interparietal,  8.2  x  5 :  maxillary  toothrow,  5.5. 

Remarks. — Although  so  widely  separated  geographically  this  spe- 
cies seems  more  like  typical  desmarestianus  of  Guatemala  than  like 
its  near  neighbors  in  Panama.  It  lives  at  low  elevations  on  rocky 
heavilv  forested  hills  in  the  northern  end  of  the  Canal  Zone. 

Specimens  examined. — Four,  all  from  the  vicinity  of  the  type 
locality. 

HOPLOMYS  60ETHALSI,'  sp.  nov. 

Type  froin  Rio  Indio,  near  Gatun,  Canal  Zone,  Panama.  No. 
170972,  young  female,  U.  S.  National  Museum  (Biological  Survey 
Collection),  collected  by  E.  A.  Goldman,  February  16,  191 1.  Origi- 
nal number  20888. 

General  characters. — In  size  and  color  similar  to  truei  and  gym- 
nurns:  skull  with  heavier  zygomata  than  either,  the  jugal  decidedly 
broader,  with  inferior  border  projecting  posteriorly  in  a  well  defined 
hook  (absent  in  truei  and  gymntirus). 

'  Named  in  honor  of  Col.  George  \V.  Goethals,  U.  S.  Army,  Chairman  and 
Chief  Engineer  of  the  Isthmian  Canal  Commission,  whose  courtesy  and 
assistance  have  contributed  so  much  to  the  success  of  the  Smithsonian 
Biological  Survey  of  the  Panama  Canal  Zone. 
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Color. — Ground  color  of  upper  parts  cinnamon-rufous,  darkened 
on  top  of  head  and  along  median  line  of  neck  by  slender  bristles 
which  are  replaced  from  near  shoulders  to  rump  by  stout,  anteriorly- 
grooved,  black-tipped  spines  projecting  beyond  and  overlying  the 
finer  hairs ;  cheeks  and  outer  sides  of  fore  limbs  grayish  brown,  the 
cheeks  in  a  fully  adult  example  suffused  with  cinnamon-rufous ;  outer 
sides  of  hind  limbs  blackish ;  under  parts  white,  interrupted  in  some 
specimens  by  a  more  or  less  complete  pectoral  band ;  nose  and  sides 
of  muzzle  blackish ;  ankles  dark  all  round ;  inner  side  of  metatarsus 
and  three  inner  digits  whitish,  outer  side  and  two  outer  digits 
brownish ;  tail  blackish  above,  whitish  below. 

Skull. — General  form  resembling  that  of  truei,  but  jugal  more 
extended  vertically,  the  inferior  border  more  produced  anteriorly, 
reaching  nearer  to  antorbital  foramen,  and  more  prolonged  poster- 
iorly to  form  a  flistinct  hook.  Similar  to  gymnurus,  but  parietals 
more  developed  below  temporal  ridges;  squamosal  reaching  farther 
along  lateral  ridges  near  frontoparietal  suture ;  audital  bullae  larger ; 
zygomata  differing  in  about  the  same  characters  as  from  truei; 
dentition  the  same  as  in  the  type  species  of  the  genus. 

Measurements. — Type :  Total  length,  391  mm. ;  tail  vertebrae,  153 ; 
hind  foot,  54.  An  old  male  topotype:  529;  244;  62.5.  Skull 
(type)  :  Condylobasal  length,  51.6;  zygomatic  breadth,  ,29.2;  inter- 
orbital  breadth,  13 ;  palatal  length,  20;  length  of  palatal  bridge,  11.8; 
width  of  jugal  near  middle,  3.8;  maxillary  toothrow,  9.3. 

Remarks, — The  Isthmian  representative  of  this  genus  agrees 
closely  with  truei  and  gymnurus  in  color  and  remarkably  stout  spiny 
armature,  but  is  readily  distinguished  by  the  cranial  characters 
pointed  out.  The  posterior  prolongation  of  the  lower  border  of 
the  jugal  to  form  a  process  or  hook  is  a  character  present  also  in 
some  species  of  Prcechimys,  and  absent  in  others. 

Specimens  examined, — Three,  from  the  type  locality. 
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DESCRIPTIONS  OF  TWO  NEW  SPECIES  OF  NUN 

BIRDS  FROM  PANAMA* 

By  E.  W.  nelson 

Two  new  species  of  Monasa  are  amonj?;  the  interesting  birds 
collected  by  E.  A.  Goldman  while  working  on  the  Smithsonian 
Riological  Survey  of  Panama  during  the  winter  of  191 1.  They 
were  collected  at  the  sanie  locality  on  the  base  of  Cerro  Azul,  north- 
west  from  Chepo,  and  only  a  single  specimen  of  each  was  obtained. 
No  others  were  seen  during  the  entire  season  in  the  Canal  Zone  and 
adjacent  territory.  I  wish  to  express  my  obligation  to  Mr.  Robert 
Ridgway,  Curator  of  Birds,  U.  S.  National  Museum  for  his  aid  in 
the  determination  of  the  status  of  the  species  described  here. 

MONASA  FIDELIS,  new  species 
Goldman's  Nun  Bird 

Type  No.  .207666,  adult  male,  U.  S.  National  Museum,  Biological 
Survey  Collection :  collected  on  Cerro  Azul,  Panama  (altitude  800 
feet),  March  21,  191 1,  by  E.  A.  Goldman  (original  number  14127). 

Distribution. — Known  from  type  locality  only. 

SpcciHc  characters. — Much  like  grandior  of  Costa  Rica,  but  anter- 
ior point  of  feathered  malar  area  white  as  in  morpha^us  from  eastern 
Brazil,  and  black  of  head  and  neck  extending  farther  back,  and 
mf>rc  abruptly  defined  posteriorly,  reaching  front  of  back  above  and 
middle  of  breast  below  :  wing  coverts  paler  gray  than  in  grandior 
hut  much  darker  than  in  pallesc^ns. 

Measurements. — Wing.  134:  tail,  115:  tarsus,  21  ;  culmen,  41. 

MONASA  SIMILIS,  new  species 

Cerro  Azul  Nun  Bird 

Tyjjc  No.  207665,  adult  female,  U.  S.  National  Museum,  Biologi- 
cal Survey  Collection :  collected  on  Cerro  Azul,  Panama  (altitude 
800  feet)  March  24,  191 1,  by  E.  A.  Goldman  (original  number 
14180). 

Distribution  -  -Known  from  type  locality  only. 

*  This  paper  is  the  seventh  dealing  with  the  results  of  the  Smithsonian 
I^iological  Survey  of  the  Panama  Canal  Zone. 
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Specific  characters. — In  general  coloration  very  similar  to  M. 
fidcUs  from  the  same  locality  but  immediately  distinguishable  by 
absence  of  white  on  chin,  this  color  being  confined  to  a  band  about 
base  of  upper  mandible  extending  to  lores  as  in  pallescens;  black 
of  head  and  neck  extends  over  entire  neck  and  on  fore  part  of  back 
and  over  most  of  breast :  posterior  border  of  black  not  sharply 
defined  as  in  Udelis  but  shading  into  th6  slaty  color  of  body ;  color 
of  wings,  tail  and  rest  of  body  the  same  in  both  these  species. 

Measurements. — Wing,   138  mm.;  tail,   129:  tarsus,  22;  culmen. 

42.5. 
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ADVERTISEMENT 


The  present  series^  entitled  '^  Smithsonian  Miscellaneous  Collec- 
tions/' is  intended  to  embrace  all  the  octavo  publications  of  the  Insti- 
tation,  except  the  Annual  Heport  Its  scope  is  not  limited^  and  the 
Yolumes  thus  far  issued  relate  to  nearly  every  branch  of  science. 
Among  these  various  subjects  zoology,  bibliography,  mineralogy,  and 
anthropology  have  predominated. 

The  Institution  also  publishes  a  quarto  series  entitled  ^^  Smithsonian 
Contributions  to  Knowledge."  It  consists  of  memoirs  based  on  ex- 
tended original  investigations,  which  have  resulted  in  important 
additions  to  knowledge. 

CHARLES  D.  WALCOTT, 
Secretary  of  the  Smithsonian  Institution. 

WoMhington^  D.  C,  Decemher  18,  1912. 
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PHYSICAL  TABLES 


APPXHDDL  311 

f  tfpeen  the  poles  or  electrodes  of  the  voltaic  cell  known  as  Clark*s  cell,  at  a  temperature 
of  15*  C  and  prepared  in  the  manner  described  in  the  accompanying  specification." 
5(00  pages  xsodv  and  251. 
'OLT-AMPERE.    Equivalent  to  Watt. 

/ATT.  The  unit  of  electrical  power  » 10'  units  of  power  in  the  C  G.  S.  system.  It  is  re- 
presented sufficiently  well  tor  practical  use  by  tne  work  dooe  at  the  rate  of  one  Joule 
per  second. 
Watts  "■  volts  Xamperes  »  amperes*  X  ohms  ■>  volts'  /ohms. 
For  conversion  factors  see  pa^  227. 
Watts  Xseconds  »  Joules. 

iHBBER.    A  name  formerly  given  to  the  coulomb. 
^EAR.    See  page  108. 

Anomalistic  year —365  days,  6  hours,  13  minutes,  48  seconds. 
Sidereal  "   -365     *^     6      "       9       "  9.314  seconds. 

Ordinary         "   -365    "     5      "      48       "        46+ 
^Tropical  "    same  as  the  ordinary  year. 
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Reference 
Number 

Sr,  T.  P 908.  909 

istein,  8ee  Germany. 

,  H.  D 1180 

B,  Harry  D 234.  234a 

ck,  Albert 549,  1093 

onteln.  see  Transvaal. 

lei.  see  Transvaal. 

C.  de 101.  130,  131,  132 

Joseph 772 

•,  J.  B.  G.  A. 267 

',   James 190 

iuato.  see  Mexico. 

8.   Marcel 511 

er.  Richard 1326 

ro.  see  Mexico. 

ne,  aee  New  South  Wales,  Bendemeer. 

1  lodes,  see  New  South  Wales,  Molong  district. 

lake,  see  ComwalL 

i  Gapis.  see  Malay  Peninsula,  Telom. 

A 624 

,  H.  P 944 

H 

P.  D 1048 

e,  A.  C 910,  911 

oon  Bay.  see  New  Zealand,  Stewart  Island. 

u  L. 1181,  1182 

Bh,  H 67,  550 

Ed 773 

on.    Alexander 294 

on,  J.  H 695,  696,  697,  1049,  1094 

tk,    Richard 894 

H.  G 218,  774,  1394 

Union  mine,  see  Cornwall,  Pentuan. 

irt-Smith,  J 1095,  1095a 

)ad.  Levy  and  Ewen  on  the  bessemerizing  of 1621a 

ny,    Julio 1035 

^  Peak  mine,  see  South  Dakota. 
'  Range,  see  South  Dakota. 

m,  G 161 

^ienne.  see  France. 

1499.  1615 

IS,  C 396,   1395 

IS,  John 396,  397,  398,  399,  1396,  1500 
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Beference 
Slumber 

Kampar  River,  tee  Malay  Peninsula,  Perak. 
Kamunting,  see  Malay  Peninsula,  Perak. 
Kandawangan,  see  Borneo. 
Kangaroo  Hills,  see  Queensland. 
Kaolin: 

Hennecke  on  occurrence  in  Persia 864 

See  Association  of  tin  with. 
Karimata,  see  East  Indies. 
Karimon  Island,  see  £«ast  Indies. 
Karlsbad,  see  Bohemia. 
Katanga,  see  Kongo. 

Kayser,  H.  W.,  and  Provis.  Richard 1102 

Kayser,  H.  W.  F 1100,  1101 

Kadah,  see  Slam. 
Kelantan,  see  9iam. 
Kemaman,  see  Malay  Peninsula. 

KAmp,  Jas.  P. 1212,  1213 

Kempen,'  A.  R.  (Brandenburg,  H.,  Weyland,  A.,  and) 1456 

Kempton,  C.  W 779 

Kendrick,    John 1400 

Kenngott,   A 1509 

de  Keppen,  A 946,  969 

Kerfome,    P 614 

Kerl.  Bruno 418,  419,  ISfO 

Kerndt,  C.  H.  Thdr 515 

Kerry,  see  Ireland. 

Kershaw,  John  B.  C 1511,  1511a 

Kersten,   C.   M 1512 

Keweenaw  County,  see  Michigan. 

Keyzer,  8.  S 285 

Kieyes,  used  in  Cornwall 1656 

Kllcrohane  (Sheep  Head),  see  Ireland,  Cork. 
KUlamey,  see  Ireland,  Kerry. 

Klnahan,  G.  H 601,  602,  603 

Klnebetungen  River,  see  Borneo. 

King,    W 693 

King.    Will 196 

King  Conrad,  see  New  South  Wales,  Howell. 

King  of  the  Ranges,  see  Queensland,  Watsonville. 

Kingsgate,  see  New  South  Wales. 

Kings  Mountain,  see  North  Carolina. 

Kingston,  see  Ireland,  Dublin. 

Kinshin  Island,  see  Japan. 

Kinta,  see  Malay  Peninsula. 

Kltson,  A.  E 1229 
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Marble  Bar,  see  Western  Australia. 

Marche,  see  France,  La  Marche. 

liargarite,  see  Association  of  tin  with. 

Marienberg,  see  Saxony. 

Marinera  mine,  see  Spain,  Carthagene. 

Marks.   B.   Seaborn 704i 

Martaban,  see  India. 

Martin,   Josei^    S 430 

Martinamor,  see  Spain,  Salamanca. 

Masinde,  see  French  Kongo. 

Mason  County,  see  Texas. 

Massachusetts : 

Chesterfield,  tin  at  the  tourmaline  locality  at 750 

Day  on  tin  in  ISOSt 

Goshen,  tin  from 748,  749,  1214 

Hitchcock  on  tin  from  Qoehen 748,  749 

Leonhard  on  tin  at  Goshen 1214 

Teschemacher  on  tin  at  Chesterfield 750 

Massa  Marittima.  see  Italy,  Tuscany. 

Massart,  Alfred 1038,  1343 

Massinda,  see  French  Kongo. 

Massinga,  see  French  Kongo. 

Matam,  see  Borneo,  Matan. 

Matan,  see  Borneo. 

Matther,   W.    W 1626 

Maupas,  see  France,  Morbihan. 

Maures.  see  France. 

Maynard,    John 431 

Mazade    524 

Mazane,  see  Argentina. 

McAuleys  Lead,  see  New  South  Wales. 

McCaskey,    H.    D 871 

McCoy,    Alexander S55 

McCreath,  A.  S.,  and  Piatt,  Franklin 1243 

McKillop.  John,  and  Ellis,  Thos.  F 1630 

McK inlay  River,  see  Northern  Territory. 

Mecklenburg  County,  see  South  Carolina. 

Medicine,  Boerhaave  on  medicinal  use  of  tin 1305 

Medlicott,  H.  B..  and  Blanford,  W.  T 595 

Menado,  see  Celebes. 

Mene,    Ch 1532 

Mengin,    U 1533 

Menniche,    H 1534 

Menten,  J.  H ^ 110,  297 

Merawang  district,  see  Banka. 
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Mexico — Continued.  *  y»?"" 

xiinBMr 

Newland  on  tin  in 1347 

Newland  on  tin  at  Sain  Alto 782 

Pirsson  on  hematite  enclosing  caaslterite  at  Dnrango 1635 

Pratt  and  Sterrett  on  tin  in 252 

Puebla,  tin  in 762 

Quer6taro,  tin  in 752 

Richthofen  on  the  age  of  the  gold  bearing  deposits  at  Dnrango 783 

Rolker  on  tin  in 1367 

Sain  Alto.  Un  in 770,  773,  779,  781,782 

San  Luis  Potosi,  tin  in 752,  773,  780 

Santa  Maria  del  Rio,  tin  of 780 

Sonora,  tin  in 762 

Sterrett  (Pratt  and)  on  tin  in 262 

Tinnit,   tin   at 768 

Wilson  on  tin  and  petroleum  in 784 

Xeres,  analysis  of  tin  from. 144$ 

Tin    in 764 

Zacatecas,  tin  In 752,  761.  778,  779 

Mesa  de  los  Caballos,  tin  in 761 

Meyers    1346 

Kffeymac,  «ee  France. 

Mica,  Sad  tier  on  deposits  in  the  Black  Hills,  South  Dakota 1016 

See  Association  of  tin  with. 

Michigan: 

Keweenaw  County,  tin  In 785 

Stevens  on  tin  in  Keweenaw  County 785 

See  also  United  States. 

Mictis.  Plinius  on  "  white  lead  "  on  the  island  of 1408 

Middlesex  district,  see  Tasmania. 

Midianites,  tin  among  spoils  of 1380 

Miklucho,  Maclay  M.  von 554 

Miles.  Edward  T 705a 

Mlllen,  J.  D 1107a.  1535 

Miller,    W.    H 1627 

Milling  of  tin: 

Queensland    940a 

South    Dakota 987a 

See  Dressing  of  tin  ore. 

Mills-Davis.  J.  E 1185a 

Milluni  mine,  see  Bolivia. 

Milne,    J 789 

Mina  del  Diablo,  see  Mexico,  Durango. 

Minchin.  J.  B 162,  163,  164,  165,  166,  167.  168.  169 

Mineral    Industry 1696 
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Origin  of  tin— Continued.  vSSa 

Tasmania 10»7,  1187,  1141,  1155,  1156,  1158,1159 

Texas    1171 

Transvaal 1181,  1182,  1184a,  1186a,  118€b 

Triistedt  on  the  Iron,  copper,  and  tin  deposits  at  Pitkftranta,  Finland,  9SU 

Tuscany   613,  C27 

Twelvetrees  on  tin  mines  of  Tasmania 1137,  1111 

Ulke  on  tin  ores  of  South  Dakota 1034 

United    SUtes 1306 

Van  Hise  on 1317 

Victoria 1333 

Vogt  on ^ 1368,  1361,1370 

Waller  on  tin  in  Tasmania 1155,  1156,  IIU 

Weed  on  tin  deposits  at  El  Paso,  Texas 1173 

Wellington  on  ML  Bischoff  mine,  Tasmania USI 

Western   Australia : 13SS 

See  also  Association  of  tin  and  Minerals  of  tin. 

Orthoclase,  Phillips  on  pseudomorphs  of  caasiterite  after 1032 

See  Association  of  tin  with. 

Ormuz  mine,  tee  Tasmania. 

Oruro,  see  Bolivia. 

Osann,    A 230 

Osbeck,    Peter 710 

Oshoek,  tee  Swaziland. 

Otago,  see  New  Zealand. 

Oubanghi,  see  French  Kongo,  Ubangi. 

Oudemans,  Jr.,  A.  C HI 

Quelle  Makua,  see  French  Kongo,  Welle  Makwa. 

Overman,  Frederick .• 1544 

Ovoca  district,  see  Ireland,  Wicklow. 

Owen,    Frank 711,  712 

Oxland,    R 438 

P 

Pacheco,  Hernandez  E 1039 

Pahang,  see  Malay  Peninsula. 

Paigeite,  Knopf  on  a  new  magnesian  iron-tin  boron  mineral 29a,  29b 

Paillette,  Adrien  ( Schulz,  Guillaume,  and) 1043 

Pakchan  River,  see  Burmah,  Tenasserim  district. 

Pak-Phrek,  see  Siam. 

Palanpur,  see  India. 

Palmer  district,  see  Queensland. 

Palmer  River,  see  Queensland. 

Palo,  see  East  Indies. 

Palembang,  see  Sumatra. 

Panga,  see  Siam. 
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B«fertiioe 
Kumber 

Pangkal-Pinang  district,  see  Banka. 

Pansner,  Hofrath 269 

Papkuilafontein,  iee  Cape  Colony. 
Pappan,  see  Malay  Peninsula,  Perak. 
Papua»  $ee  New  Guinea. 
Paradise  Creek,  see  New  South  Walea. 
Parcelore,  see  Malay  Peninsula. 

Paris,  John  Ayrton i39 

Parkes,  Chas.  R 713 

Park  of  Mines,  see  Cornwall. 

Pwry.  L. 1546.   1545a.  1545b 

Parsons.  James 259 

Parsons,  James  (Coomaraswamy.  A.  K..  and) 257 

Paacoe  River,  see  Queensland. 

Pasley.  Charles  S 172 

Pattison.   S.   R 1406 

PaTlov,  A.  W 32.  1216 

Payne  Mill,  see  British  Columbia.  Slocan  district. 

Pearce.  Gilbert  B 1407 

Pearce.  Richard 440.  441.  1447a,  1546,  1547.  1629,  1630.  1660 

Peet*.   L 1548 

Pegu,  see  Malay  Peninsula. 

Pelatan.  L 646,  648 

Pemberthy.   John 174 

Pefia,  Alphonso  de  la 172a 

Penberthy.  John 173.  467 

Penfleld,  S.  L. 1631 

Pennance  mine,  see  Cornwall. 

Pennington  County,  see  South  Dakota.  Black  Hills. 

Penrose.  R.  A.,  Jr 714 

Pentowan  mine,  see  Cornwall. 
Pentuan,  see  Cornwall. 
Penzance,  see  Cornwall. 
Perak.  see  Malay  Peninsula. 
Perils,  see  Siam. 

Permo-carboniferous.  Twelvetrees  on  tin  in,  in  Tasmania 1137 

Perrett,  Augusts 1549 

Persia.  Hennecke  on  tin  in 864 

Mactear  on  tin  near  Juwaa,  60  miles  northeast  of  Tabriz 865 

Bee  also  Asia. 

Personhe,  J 1550 

Peru: 

Cajatambo,  west  of  Cerro  de  Pasco,  tin  at 866 

Earl  of  Mount  Edgcumbe  on  tin  produced  in  1883 1681 
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Nnnber 

Forth,  see  England. 

Forth  Ledden  Mills,  gee  ComwalL 

Fort  Fegasus  district,  see  New  Zealand. 

Forttigal,  tin  in 1027,  1286 

D'Achiardi  on  tin  in 13U 

Beck  on  tin  in 1299,  UOO 

Breidenbach  on  tin  in 873 

Brown  on  tin  in .• 1307,  1308 

Calderon  on  tin  in lOS 

Eschwege  on  tin  in fr« 

Fawns  on  tin  in 1231 

Fuchs  and  de  Launay  on  tin  in 1333 

Heale  on  tin  mines  of  8&o  Martinho  and  Montesinhos  in  Tras  00 

Montes    87S 

de  Launay  ( Fuchs  and)  on  tin  in 1323 

Louis  on  tin  in 1340 

Louis  (Fhillips  and)  on  tin  in '. 1350 

Montesinhos,  tin  in 875 

Fhillips  and  Louis  on  tin  in 1350 

Sandinha,  tin  near  Goes  in 872 

Sfto  Martinho,  tin  in 875 

Tras  OS  Montes,  tin  in 875 

See  also  Ehirope. 

Poscovl,  see  Bolivia. 

PoSepny,    Franz , 1351 

Fosewitz,  Th 112,  134,  300,  301,  302 

Fosth.   C 869 

Potgietersrust,  see  Transvaal. 

Fotosi,  see  Bolivia. 

Fotrillos,  see  Mexico,  Durango. 

Fozoconi  Mountain,  see  Bolivia, 

Poussin,  see  Malay  Peninsula,  Perak. 

Praagh,    L.    V 1186 

Pratt,  Joseph  Hyde 251,  1217 

Pratt,  J.  H.  (Struthers,  Joseph,  and) 1020,  1220,  1364 

Pratt,  Joseph  Hyde,  and  Sterrett,  Douglas  B 252 

Pretoria,  see  Transvaal. 

Preumont,   G 175,   176 

Prior.   G.   L 1054 

Prior,  G.   T 1636 

Production  of  tin: 

Africa.   1903    1347 

Alabama,  1894    1357 

Alaska,  1901   1292 

Alaska,    1903 1347 

Alaska,  Seward  Peninsula,  through  1908 28b 


no.  8                                  BIBUOGKAPUY  OF  TIN — HB8S  359 

Production  ot  tin— Continued.  ^'SK? 

AuBtralBsiB,    1890 1677 

1899-1900   48 

Australia,  1874-1875  40 

1877-1878  59 

J881  1412 

1883  1681 

1891  1344 

1903  ; 64,  1347 

1903-1904  1679 

1904  Mid  1905 1698 

Auetrla,  1903 70,  1347 

Bank*,  history,  prices,  etc 113 

1880-1893  83 

1881     1413 

1881-1906   1674 

1883     1681 

1887     1362 

To   1897   79 

1897-1898  80 

Bllllton     134 

1864-1874   123 

1880-1892 83 

1881 1412 

1883     1681 

1887   1362 

189S-1906   1674 

To   1897   79 

Bohemia,  1891 134* 

Bolivia 138,  143,  146,  167,  168,  180 

1883  1681 

1891    1344 

1897-1909    148g 

1901    1292 

1901-1902   166 

1903   17ft,  1347 

1906  and   1907 U8n 

1908     14gd 

1909  148b,  148c,  148e.  148( 

Near  Tuplza  144 

Oruro,  1903-1904  146 

district.  1889 186 

1889-1893   195 

1696 

To   1892 213 

1894  13B7 

San  Jacinto  mine,  1891,  gtrlng  grow  value 210 
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Production  of  tin — Continued.  Kombw 

China.  1881 1412 

Cornwall.  1201-1800  1680 

14th   Century 1403 

1742-1891 336 

1818-1887   1669 

1843    483 

1858-1868 413 

1861    490 

1864   1699 

1864-1873   1687 

1869    414 

1873-1883 1681 

1891     1344 

To   1906 1693 

To  1908    427 

1908  output  and  value 329b 

1909    329e 

Average  production  of  mines,  1846 412 

Balleswidden  mine,  1837-1873 451 

Dolcoath  mine.  1870 • 469 

1897-1901  327 

1898  ; 323 

1900   324,  326 

General  notes  on  1887 389 

Hue!  Wherry,  to  1818 396 

Lands  End,  1852-1907 448 

Method  of  increasing  output 472 

Old  Wheal  Vor  to  1870 394 

Devon.  1201-1800 1680 

1858-1868   413 

1864     1699 

18C9   414 

1909     329e 

E:ast  Indies,  1872  to  date 1689 

1887     1362 

England,    1881 1412 

7  centuries  to  1892 1385 

1853-1906  1688 

1882-1897   1685 

1893-1907     329d 

1901     1292 

1902     436 

1903    437,  1347 
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roductlon  of  tin— Continued.  ^iSSer* 

Finland,  1891 1344 

Pltkftranta.  1887-1889  1691,  1692 

France,  1901 1292 

Gray  on 1325 

Germany,  1908 1347 

Scrap  tin 1497a,  1511 

Great  Britain,  see  England. 

India,   1904 588 

Italy,  1876-1880 623 

Japan.  1892-1902  1672 

Bungo  province,  Kiura  mine,  1848-1860 630 

Bungo  and  Satsuma,  estimate,  1878 631 

Tanlyama,  1890 635 

Jllaine,    1894 1357 

Btolacca,  1881  1412 

1883    1681 

Malay  Peninsula,  1876-1884 695 

1886    706 

1891   657,  1344 

1900  666 

1901    666,  1292 

1902   667,  708 

1903 681,  692,  708,  1347 

1904    671,  691,  693 

1905 672 

1906 675.  733 

1908   730 

Perak,    1896 660 

Quotations  for  tin  product  of 1675 

StraiU  Settlements,  1896-1897 662 

1899 1340 

Malay  states,  see  Malay  Peninsula. 

Mexico.  1891  1344 

1903 1347 

San  Luis  Potosi,  1901 780 

New  South  Wales,  1864 806 

1872-1875 ,^ 838 

1875-1906 1676 

1875  to  date 819 

1885    818 

1886-1887.  1890-1891.  1894.  1895-1896 815 

1887  1362 

1890 1677 

1900-1904  843 

1901  1292 
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Production  of  tin:    New  Soutli  Walea— Continued.  y«?» 

1902 832 

1903-1904   1679 

Vegetable  Creek.  1872-1876  822 

To   1879 824 

North  Carolina 261,  252 

1894     '  1357 

1903     ;.  1220 

Northern  Territory,  1901 1292 

Perak,   1893    732 

1894 747 

Tambun  mine,  1904 670 

Queensland,    1864 806 

1872-1896   939 

1887   1362 

1890    1677 

1898     936 

1899    920 

1900    921 

1901   1292 

1903-1904  1679 

1904 922 

1904     937 

1904  884,  922.  937 

Herberton  district.  1895 919 

1895-1896 932 

1904     882 

Vulcan  mine,  1906 885 

Herberton  field.  1883-1894 43 

Kangaroo  Hills,  1904 929 

Pikedale.   1904 933 

Stanthorpe,   1904 933 

Russia,  1888-1890   941 

1885-1889   1690.  1691.  1692 

Saxony,    1891 1344 

Scrap  tin 1497a 

South  Australia,  1901 1292 

19O:i-1904   1679 

South  Carolina .' 251,  252 

1903   1220 

South   Dakota,  1889 1695 

1894  1357 

1904   1018 

Spain,   1891 1344 

189G  to  date 1684 

Straits  Settlements,  see  Malay  Peninsula. 
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"rodnctlon  of  tla—Contlnued.  ^^T" 

Swullud,  RfAii  Tin  Co.,  IS96 1046,  10G6 

Tum&Dia,   1876 1058 

1877-1878   G9 

1878    1116 

1880-1906  1673 

1881    1412 

1890    1677 

1891    1344 

To  1892   1118 

1896-1897  112* 

Thronsh    1897 1128 

1899  1066 

1900-1901   1067 

IMl im 

1903-1904    1077,  1679 

Mount  Biachoir,  1873-1877 1116 

To   1900 1140 

1903   1069 

m^mmm  to  1909 hsb. 

5S1                 628 

United  SUtea.  1890 1319 

1904    1217 

1906-1907 1209,  1210,  IZll 

Scrap  tin 1497ft 

Victoria.  1873-1877, 1886-1888,  and  1890  to  date 1697 

1890  1677 

1899  to  date 1222 

1903-1904    1679 

Western    Austratla 1671 

-    1900    1261 

1901 1264,  1266,  1266.  1292 

1902  1266 

To  1903   1264 

1903-1904  1679 

1904  1671 

1907    1269 

World,    1864 1701 

1864-1873 1687 

1874  to  date ;  1683 

1879-1881 1700 

To  1880   1888 

1881-1890  1682 

1886-1899  1670 

1890  to  date 1694 

1891  IIU 
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eflnlnr  of  tin:  BjJj™J« 

Cowper  on  electrolytic  methods 1471 

Delvaux  de  Fenffe  on 1476 

DuBsauce  on 1482 

Graham  on 1324 

Hawkins  on 1600 

Platte  on 1551 

Sexton  on  methods  in  Cornwall 1361 

Thiollier  on  refining  of  tin  in  Cornwall 1679 

Weeks  on 1372 

eld,  Clement,  and  Flett,  J.  S 448 

eid,  Clement,  and  Scrivener,  J.  B 449,  1638 

Bid,  J.  H 838 

elds  Creek,  see  Queensland. 

eilly,    •. 1363 

•in,  J.  J 634 

elistian  mine,  «ee  E^ngland. 

«markahle  Mountains,  see  New  Zealand. 

enaud,  O.  P.  A.. 114,  115,  116 

enison  Bell,  tee  Tasmania, 
enong,  see  Slam. 

tentovski    971 

esources  of  tin,  see  Supply  of  tin. 
•stronguet  Creek,  see  Cornwall. 

euss,  A.  E 662 

eyer 1411 

«yer,  B 67,  117,  303,  iOi,  460,  663,  664,  666,  666,  667,  1364,  1366,  1412 

hodesia,  see  Transvaal. 

hyu,  John 1413 

Ibadavia,  see  Spain,  Orense. 

Ichards,    Joseph 1665 

ichards,  Robert  H 1666 

ichardson,  G.  B.. ^ 1170 

iche,  A.  (Cahours,  A.,  and) 1463,  1464 

.ichmond  County,  see  New  South  Wales, 
ichmond  River,  see  New  South  Wales. 

icfater,  Karl 1866 

iotater  (Muller,  H.,  and) 660 

ichthofen,  F 783 

ickard,  Edgar 33,  1126 

ickard,   Thomas 460a 

icketU,  Louis  D 1276 

Wfel  1667 

ingarooma  Valley,  see  Tasmania. 

ink,    Henry 585 

iotte,  E.  N.  (Bailey,  Gilbert  E.,  and) 988 

fouw  Islands,  see  Bast  Indies. 
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Kusibcr 

Riouw-Linga  Archipelago,  see  East  Indies. 

Ritchie,  W 1126 

Hitter,    Carl 718 

Roberts,  Malcolm  17S,  ITS 

Robertson,  J.  R.  M 58 

Robertson,  W.  B 1244 

Rockbridge  County,  tee  Virginia. 

Roehrig  (Crookes  and) 1242 

Roessler  221 

Rolker,  Chas.  M. ^ 305,  719,  1867 

Roman  tin  workings,  Henwood  on 1227 

de  Romana,  Ekiwardo  A.  L. 180 

Roodepoort,  see  Transvaal. 
Rooiberg,  see  TransvaaL 

Rosales,  Hy 1224 

RoBCoe,  H.  E.  (Schenck,  E.,  Smith,  R.  A.,  and) 1M8 

Rose,  H 1668,  1668 

Rosenbusch,   H 1628 

Rosewame,  H.  (Borlase,  Wm.  Copeland,  and) 247 

Rosewarne  mine,  see  England. 

Ross,  D 720 

Ross  mine,  see  South  Carolina. 

Rowe,  Capt.  James 1127 

Rowe,  Leonard    1560 

Rowe,  T.  P.,  and  Foster,  C.  LeNeve 451 

Royle ■. 200 

Riicker,    Anton 568 

Rudler.   F.   W 452 

Rudra,   Sarat  C 597 

Rumbold,  Wm.  R 3b,  180a,  721 

Running  River,  see  Queensland. 

Rupert's  drops,  crystals  behaving  like 3b 

Rusapi,  see  Transvaal,  Rhodesia. 

Russell,    Murray 930 

Russia,  tin  In 941-942 

Cotta  on  tin  in 1312 

Hermann  on  tin  in  the  Urals 945 

Koulibine  on  mineral  production  in  1885,  1887.  and  1888-1889. .  .1690. 

1691,  1692 

Phillips  and  Louis  on  tin  in 1350 

Urals,   tin   in 945 

Wyborg,   tin   in 1690 

See  also  Finland,  Siberia,  and  Europe. 

Rutile,  Deville  on  the  artificial  production  of 1604 

See  Association  of  tin  with. 

Ryan    1055 

Ryan  tin  works,  see  Swaziland,  Embabaan. 
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3  Reference 

Number 

S ,  W.  H 1015 

Saavedra,  Bautista  (Ballivian,  M.  V.»  and) 150 

Sadisberg,  see  Saxony. 
Sadisdorf,  see  Saxony. 

Sadtler,    B 1016 

Sain  Alto,  see  Mexico. 

St.  Agnes  district,  see  Cornwall. 

St.  Austell,  see  Cornwall. 

St.  Helens  district,  see  Tasmania. 

St.  Ives,  see  Cornwall. 

St.  Just,  see  Cornwall. 

St.  Leonard,  see  France,  Haute  Vienne. 

St  Pauls  Plains,  see  Tasmania. 

St.  Pauls  River,  see  Tasmania. 

Saintpierre,  C.  (B4champ,  A.,  and) 1445 

Salak,  see  Malay  Peninsula,  Perak. 
Salamanca,  see  Spain. 

Salet,    0 1561 

Salinta,  see  East  Indies. 

Salmon  1562 

Salmon,  Arthur  L. 453 

Salmon,  H.  C 454 

Sambong  Girl,  see  Banka. 

Sampling,  methods  at  Cape  Prince  of  Wales,  Alaska 25 

Sam  River,  see  New  South  Wales. 

Sandall,  S.  A 1563 

Sandberger,  F 669,  1358 

Sandeman,  J.  J 1128 

Sandinha,  see  Portugal. 

Sandrycock,  see  England. 

San  Isidoro  mine,  see  Spain,  Carthagene. 

San  Jacinto,  see  California. 

San  Jose,  see  Bolivia. 

San  Juan  Mountains,  see  Colorado. 

San  Luis  Potosi,  see  Mexico. 

San  Roque  mine,  see  Bolivia. 

San  Salvadora  lode,  see  Bolivia. 

Santa  Barbara,  see  Mexico,  Guanajuato. 

Santa  Maria  del  Rio,  see  Mexico,  San  Luis  Potosi. 

Santa  Vela  Cruz,  see  Bolivia. 

Santiago,  see  Spain. 

Santo  Domingo,  Garston  on  tin  in  Seybo  and  in  the  Higuei 954 

Sfto  Martlnho,  see  Portugal. 
Sapphire,  see  Association  of  tin  with. 
Satsuma,  see  Japan. 


374  SMITHSONIAN   HISCELLANBOUS  COLLECTIONS  VOL.  58 


Saxony — Continued.  Kumber 

Zinnwald,  analyses  of  stannite  from 1637 

Geology  of  the  region  around 1628 

Tin  in 540.  549,  562,  56^,  567,  573a,  1800,  1810,  1322,  1337 

See  also  Euroixe  and  Germany. 
Scamander  River,  see  Tasmania. 

Schaeffer,   Chas,   A 1017 

Scheelite,  Scrivenor  on  deposits  in  the  tin  bearing  districts  of  Salak  and 

Pahang,  Malay  Peninsula 726a 

See  Association  of  tin  with. 

Schertel,  A.  (Stelzner,  A.  W.,  and) 1643 

Scheurer-Kestner,  A 1564,  156S 

Schlackenwald,  tee  Bohemia,  Schlaggenwald. 
Schlaggenwald,  see  Bohemia. 

Schmidt,  Albert 570,  671 

Schnabel,  Carl ^ 794 

Schneeberg,  see  Saxony. 

Schneider,  C.  P.  A 306 

Schdnefeld,  see  Bohemia. 

Schoultz-Ascheraden,  G.  von 9M 

Schouten  Main,  see  Tasmania. 

Schrdder,  M-. 672 

Schubarth,   E.   L 1042 

Schultz    573 

Schultz,  F.  W 1359 

Schulz,  Guillaume,  and  Paillette,  Adrien! 1043 

Schultze,    B 1566 

Schunck,    ETd 1567 

Schunck,  E.,  Smith,  R.  A.,  and  Roscoe,  H.  EL 1568 

Schuiirman.    J.    A 1415 

Schwarzenberg,  see  Saxony. 

Scilly  Islands,  tin  and  lead  exported  to  Greece  and  Asia 1410 

Borlase  on  ancient  and  present  state  of 1381 

Plinius  on  tin  from 1408 

Rawlinson  on  Phoenician  colonies  in 1410 

Scotland,  Fawns  on  tin  in 1320 

Flett  and  Clough  on  tin  In 955 

See  also  Great  Britain  and  Europe. 

Scott,   H.   G 962 

Scrap  tin: 

Bergse  process  for  recovery  of 1442 

Denmark,    Copenhagen 1442 

England    1438 

Germany   1438.  1497a,  1511 

Goldschmidt  on  recovery  of  tin  from 1497a 

Iron  in 1555 
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Stannlte— ConUnued.  ^ItSST 

Spencer  on  crystals  from  Boliyia 1641 

Stannine,  see  Oreg  and  LetUom  under  Stannite. 
Stanthorpe,  see  Queensland. 
Star  River  field,  see  Queensland. 

StatisUcs    1669-1701 

See  also  Production. 

Steinman,   G 181 

Stelzner,  A.  W 182,  183,  458.  674.  575,  1642 

Stelzner.  A.  W.,  and  Schertel.  A 1643 

Stephen.    D. 59 

Stephen,  G.  Milner 840 

Stephens,  Francis  J 459.  460.  598.  728 

Stephens,    Hugh , 461 

Sterling,  James 938 

Stemberger,    Karl -. ; ., 576 

Sterrett,  Douglass  B.  (Pratt,  J.  H.,  and) 252 

Stevens,  Chas 1363 

Stevens.  Horace  J 785 

Stevens,  R.  P •. .     271 

Stewart,  D.  S.  S 1188 

Stewart  Island,  see  New  Zealand. 

Steynsdorp  Xh-eek,  see  Transvaal. 

Stibiotantalite,    Simpson   on   presence   in   Greenbushes   field.   Western 

Australia   1267 

See  Association  of  tin  with. 
Stibnite,  see  Association  of  tin  with. 

Stirling,    James 1288 

Stockworks,  German  method  of  working 398 

Stokes,  Ralph  (S.  G.) 729.  730.  1132,  1183 

Stokesite.    described 1589 

Stokesite,  Hutchinson  on  a  new  mineral  from  Cornwall ', 1620 

Stonier.  G.   A 841 

S(torms?).  W.  H 1015 

StraiU  Settlements,  tin  in 695.  1286,  1287 

Day  on  tin  in 1318 

Louis  on  tin  in 1340 

Quotations  on  tin  product  of 1675 

See  also  Malay  Peninsula  and  Asia. 

Streeruwitz,  W.  H.  von 1171 

Streng,    A ;  1574 

Struthers,  Joseph,  and  Pratt,  Joseph  Hyde 1020,  1220,  1364 

Struve.  H.  von 951 

Stul.  see  Siam. 

Submarine  mines,  Hawkins  on  those  of  Cornwall 396 

Sukadana,  see  Borneo. 
Sukandana,  see  Borneo,  Sukadana. 
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Tasmania — Continued.  ^ 

Twelvetrees  on  Arba  mine  at  Branzholm 1138 

On  Badger  tin  mines 1145 

On  Bell  Mount  field 1142 

On  Bell  Mount,  Middlesex  district 1148 

On  Blue  Tier  district 1141 

On  Coxs  Bight  tin  field 1147 

On  Gladstone  district 1143 

On  mineral  fields  between  Waratah  and  Corinna 1140 

On  Renison  Bell  tin  field 1146 

On  tin  in 1134 

On  tin  in  Ringarooma  Valley  near  Derby 1139 

On  tin  on  St  Pauls  River  near  Avoca 1137 

On  tin  ore  on  Schouten  Main 1144 

Twelvetrees  and  Petterd  on  Mount  Bischoff  dikes 1149 

Twelvetrees  and  Ward  on  the  Zeehan  mining  field 1149t 

Ulrich  on  Mount  Bischoff  tin  mine 1150,  1151 

Waddington  on  Mount  Bischoff  tin  mine 1152 

Wallace  on  tin  in 1134 

Waller  on  Stanley  River  tin  field 1158 

On  tin  deposits  of  North  Dundas 1157 

On  tin  in  Ben  Lomond  district 1155 

On  tin  in  Mount  Heemskirk  district 1156 

On  tin  In  Scamander  River  and  St.  Helens  districts 1153 

On  tin  in  St  Helens  district 1154 

Waratah  mine   1059,  1140 

Ward  on  North  Dundas  tin  field 1158a 

Webster's  workings,  alluvial  tin  at 1140 

Wellington  on  Mount  Bischoff  mine 1159 

White  River  Bridge,  alluvial  tiit  at  Ten  Mile  claim 1140 

Wickham  on  Mount  Bischoff  mine 1160 

On  tin   in •. 1161 

Williams  on  the  Zeehan  mining  field 1161a 

Wilson  on  Mount  Bischoff,  Ringarooma,  Branxholm,  Georges  Bay, 

and  Blue  Tier  fields 1162 

Wintle  on  tin  in 1164 

On  Mount  Bischoff  mine  and  tin  at  Mount  Ramsay 1163 

Zeehan,  mineral  fields  near 1112 

Mining  field  in 1149a.  1161a 

Silver  Queen  mine,  stannite  in 1119 

See  also  Australia. 

Tassin,    Wirt 1365 

Tatasi,  see  Bolivia. 

Tate,    Ralph 862 

Tate  mines,  see  Queensland. 
Tate  River,  see  Queensland. 
Tavoy,  see  Burmah. 
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Transraal — Continued.  Reference 

Number 

Weynek,  tin  at 2a,  1178g 

Zaaiplaats  tin  deposits .3d,  1178e,  1178h,  1183a,  1183b 

Zoutpansberg,  tin  on  the  Great  Letaba  River  in 1188 

Zwartkloof  tin  deposit 3d 

Bee  also  Africa,  Pretoria,  and  South  Africa. 

Tras,  Bee  Malay  Peninsula,  TeloiH. 

Trasenster,    Paul 1700 

Tras  OS  Montes,  see  Portugal. 

Treacher,  W.  H 738 

Trechmann,   C.   0 1645 

Tredinnick,    R 476 

Tregaskis,  James 477 

Tregay,  W 60,   1667 

Treloy,  Bee  England. 

Tremenheere,  O.  B 203,  205,  206 

Tremenheere,  O.  B.  (Lemon,  Chas.,  and)  ,,* '  196 

Tremenheere,  G.  H 204 

Tremenheere,  H.   Seymour 739 

Tremolite,  Bee  Association  of  tin  with. 

Trenchard,  H.  G 844a 

Trengganu,  Bee  Malay  Peninsula,  Tringganu. 

Trereife,  Bee  Cornwall. 

Tres  Cruces,  Bee  Bolivia. 

Trethellen  tin  works,  Bee  Cornwall. 

Triassic,  tin  in  veins  in  limestones  of  the 268 

Tringanu,  tee  Malay  Peninsula,  Tringganu. 

Tringganu,  Bee  Malay  Peninsula. 

Triphyllite,  Bee  Association  of  tin  with. 

Tripolite,  Bee  Association  of  tin  with. 

Trojan  war,  Plinius  on  estimation  of  "  white  lead  "  during 1408 

Tronoh,  Bee  Malay  Peninsula,  Perak. 

Truro,  «ee  Cornwall. 

Trttstedt,  Otto 953 

Tsementong,  Bee  China,  Yunnan. 

Tungstate  of  manganese  and  iron.  Bee  Association  of  tin  with  wolframite. 

Tungsten: 

Associated  with  tin.  Bee  Association  of  tin  with. 

Billiton    126a 

Delvauz  de  FenfTe  on  use  in  iron  and  steel 1476 

Fairibault  on  occurrence  of,  with  tin  In  Nova  Scotia 227 

Hess  on  deposits  of,  with  tin  in  South  Dakota 1009 

Menniche  on  separation  of,  from  tin  ores 1534 

Nova  Scotia 227 

Sadtler  on  deposits  of,  with  tin  in  the  Black  Hills,  South  Dakota 1016 

Separation  from  tin 1634,  1575 
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United  SUtea— Continued.  Reference 

Number 

Lock  on  tin  in 1388 

Louis  on  tin  in 1340 

Newland  on  tin  in 1346 

Ohly  on  tin  in 1215 

Phillips  and  Louis  on  tin  in 1350 

Pratt  on  tin  in 1217 

R ,  N.,  on  tin  in \ 1218 

Rajrmbnd  on  tin  in 1219 

Rolker  on  tin  in 1357 

Scrap  tin  recovered  in 1497a 

Struthers  and  Pratt  on  tin  in 1220 

Weeks  on  tin  in 1372 

Whitney  on  statistics  of  mineral  production  of 1701 

See  also  Alabama,  California,  Colorado,  Idaho,  M^aine,  Massachusetts, 
Michigan,  Missouri,  Montana,  Nevada,  New  Hampshire,  New 
Jersey,  North  Carolina,  Philippines,  South  Carolina,  South 
Dakota,  Texas,  Virginia,  Washington,  and  Wyoming. 

Unwin,    George 480 

Upper  Graupen,  see  Bohemia. 

Upper  Murray,  see  yictoria. 

Upper  Yarra,  see  Victoria. 

Urals,  see  Russia. 

Uralsk,  see  Asia. 

Uranium,  de  Launay  on  occurrence  with  tin  in  Prance 518 

See  Association  of  tin  with. 

Uranium  phosphate,  see  Association  of  tin  with. 

Ure's  Dictionary 1366 

Uses  of  tin: 

Appleton  on  earliest  American  coin 1374 

Baudot    on 1378 

Boerhaave    on 1305 

Coating  inside  of  copper  utensils  in  India 588 

Feuchtwanger  on 1321 

Fuchs  and  de  Launay  on 1323 

Graham  on 1324 

Jameson   on 1621 

Lakes    on 1334a 

Perak,  native  uses 747 

Salmon    on 1562 

Schultz   on 1359 

Sexton  on 1361 

Ussher,  W.  A.  E.,  and  MacAlister,  D.  A 481 

Uwet  district,  see  Nigerii^. 
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V 


Hi 

Vale,   Stephen   S 61 

Valerlo,  see  Italy,  Tuscany,  Monte  Valerio. 

Van  der  Wyck,  O.  H 118 

Van  Hise,  Charles  Richard   1367 

Vanning,  Collins  on  its  value  as  a  mine  test  for  tin  ore 1469 

Pearce  on  losses  in 1660 

Van  Ness.  W.  W.,  Jr 254a 

Van  Osdel,  Edgar  B « 1580a 

Vaulry,  see  France,  Creuse. 

Vay,  see  Prance,  Lower  Loire. 

Vegetable  Creek,  see  New  South  Wales. 

Verbeek.  R.  D.  M. 119,  136 

Vercoe,  Chas 740 

Vercoe,   H.   B 741 

Vesuvianite,  see  Association  of  tin  with. 

Vesuvius,  see  Virginia. 

Veta  Estafio,  see  Bolivia. 

Viator    742 

Victoria: 

Albany,  stream  tin  near 50 

Beechworth,  tin  at 1233 

Benambra,  Cudgewa  district,  tin  in 1226 

Benedict  on  tin  deposits  of 41,  1301 

Berwick,    tin    at 1233 

Brach6  on  tin  at  Eldorado 1224 

Bright,  tin  at 1233 

Bruthen,  tin  at  Falls  Church,  near 122S 

Burrows  Creek,  tin  on 1233 

Corner  Inlet,  tin  from 1232 

Coghlan  on  tin  in 1677,  1679 

Cudgewa  district,  tin  in 1226,  1229,  1233,  1237 

D'Acbiardi  on  tin  in 1313 

Davies  on  tin  in 1317 

Dry  Forest  Creek,  tin  on 1233 

Eddy  on  tin  on  the  Latrobe  River.  South  Gippsland 1225 

Eldorado,  tin   mining  at 1224 

English  on  tin  near  Ovens  and  Albany  and  in  Gippsland 50 

Eskdale.   tin   at 1227.  1229 

Falls  Church,  near  Bruthen,  tin  at 122S 

Fawns   on   tin   in 1320 

Franklin,   tin    from 1232 

Gippsland,  tin  in 50.  1229,  1237 

Beenah,   tin   near 1223 

Franklin   River,   tin  on 123^ 

Latrobe  River,  tin  on 1225.  1233,  1235 

Mount  Singapore  on  Wilsons  Promontory 1229 
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Camber 

VilQue  district,  see  Peru,  Puno. 

Vincent,  M.  C 1025 

Virginia,  tin  in USl 

Braedict  on  tin  in 1200,  1301 

On  tin  on  Irish  Creek,  Rockbridge  County 1239 

Blue  Ridge,  tin  in 1241.  1248 

Brown  on  tin  on  Irish  Creek,  Rockbridge  County 1240 

Campbell  on  tin  in  the  Blue  Ridge,  Rockbridge  County 1241 

Capron  Springs,  tin  at 1246 

Crookes  and  Roehrig  on  tin  in 1242 

Day  on  tin  in 1203a,  1319 

On  tin  in  Rockbridge  County 1318 

Ehnmens  on  tin  in 1205 

Garrison  on  tin  In 1207 

Kemp  on  tin  in 1213 

Leonhard  on  tin  in 1214 

McCreath  and  Piatt  on  tin  in  Rockbridge  County 1243 

Nelson  County,  tin  at  Nellys  Pord 1246 

R ,  on  tin   In 1218 

Robertson  on  tin  on  Irish  Creek,  Rockbridge  County 1244 

Rockbridge  County,  tin  in 1239,  1240,  1241,  1243,  1244. 1248,  1318 

Ulke  on  Cash  mine,  near  VesuTlus 254.  1245 

Vesuvius.  Cash  mine  near 254,  1245.  1246.  1248 

Watson  on  Irish  Creek  tin  locality,  Rockbridge  County 1246 

Winslow  on  tin  in  the  Blue  Ridge.  Rockbridge  County 1248 

See  also  United  States. 

Vivian,    Joseph 481a 

Vlaanderen.  C.  L. 120,  1647 

Vlaklaagte,  see  Transvaal. 

Vogelsang    72 

Vogt,  J.  H.  L 1368,  1369,  1370,  1648 

Volt,  F.  W 3c 

Vulcan  mine,  see  Queensland,  Herberton  district. 

W 

Wada,  Tsunashiro 635,  636 

Waddington,    H 1152 

Wagner,    P.    A 235a 

Wait,  F.   W 482 

Walcott,  C.  D 35 

Walker,  Chas.   H 1371 

Walker,    Edward 482a 

Waller.  G.  A 1153.  1154-1158 

Walsh  and  Tinaroo  field,  see  Queensland. 
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Whitney.  J.  D 228.  1701 

WickBham,  F.   D 1160.   1161 

Wicklow,  gee,  Ireland. 
Wilber.  D.  F.,  see  No.  1675. 

Wlldnxan    308 

Wild  River,  see  Queensland. 

Wilkinson.  C.  S 847a-h.  848 

Wilkinson,  C.  S.,  and  David.  T.  W.  B 849 

William,  J.  Vivian 940 

Williams.   Archibald 487 

Williams.  O.  W 940a 

Williams,   Gerard   W 1161a 

Williams,   John 488 

Williams,  R.  H 489,  1668 

Williams  huddle,  Williams  on 1668 

Willis,    Bailey 269a 

Wilson,  A.  P 1162 

Wilson,    Geo. 784 

Wilson's  Downfall,  see  New  South  Wales. 

Winer    1424 

Winslow,    Arthur 1248 

Winslow.  see  Maine. 

Wintle,  S.  H 1163,  1164 

Wirtz.  L. 1584 

Witmer.  Luther  Ferree 1685 

Wodgina  district,  see  Western  Australia. 
Wodonga  district,  see  South  Australia. 

Wolf.  A.  G 231 

Wolff.    G 62 

Wolfram,  see  wolframite. 
Wolframite: 

Andrews  on  origin  of  deposits  in  New  South  Wales 797 

Associated  with  tin.  see  Association  of  tin  with. 

Barrow  on  relation  of  high   level   terraces  of   Bodmin   Moor  to 

deposits  of  stream  tin  and 333 

Bohemia    « 64 

Charleton   on » . . . .  1310 

Clotten  on  occurrence  with  tin  ore  in  Queensland 898 

Cornwall    1479,   1662 

Cornwall.  Bodmin  Moor 333 

Dietzsch  on  treatment  of  tin-wolf ram*copper  ores  in  Cornwall 1479 

Dressing  of  tin  ores  containing 157Ga.  1664 

France,  with  tin  ore  at  Ille-et-Vilaine • 514 

Kerfome  on  presence  with  tin  ore  at  Ille*et-Vilaine.  France 514 
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Wyoming— Continued.  ^uSS^ 

Rawhide  Buttes,  tin  near 1274 

Ricketts  on  tin  in  Black  Hills,  Crook  County 1276 

Sadtler  on  tin  in  Crook  County 1016 

Silver  Crown  district,  tin  in 1274 

Struthers  and  Pratt  on  tin  in 1220 

See  also  United  States  and  South  Dakota. 

X 

Xaija,  see  Siam. 

Xalang,  see  Siam. 

Xamphon,  see  Siam. 

Xenotime,  see  Association  of  tin  with. 

Xeres,  see  Mexico. 

Y 

Yarra,  see  Victoria,  Upper  Yarra. 
Yenisei,  see  Jenlsei. 
York  region,  see  Alaska. 

Young,  O.  A 232 

Yttrium,  see  Association  of  tin  with. 

Yukon,  Dawson  region,  stream  tin  in 23 

Hoffman  on  tin  in  all  the  tributaries  of  the  Klondike  River 228 

Yunnan,  see  China. 

Z 

Zaaiplaats,  see  Transvaal. 

2^acatecas,  see  Mexico. 

Zamora,  see  Spain. 

Zeehan,  see  Tasmania. 

Zennor,  see  Cornwall. 

Zinc: 

Allen  on  alloy  with  copper  and  manganese 1431 

Alloys  with  bismuth  and  tin 1587 

With  copper  and  manganese 1431 

With  lead  and  tin 1687 

Associated  with  tin,  see  Association  of  tin  with. 

Beck  on  occurrence  at  Schwarzenberg,  Germany 630 

Bolivia   166 

British   Columbia 229 

Campagne  on  mines  of 1309 

Cry  of  as  indication  of  fitness  of  certain  beams 1481 

Douglas  on  metallurgy  of 1204 

Emmons  on  occurrence  in  United  States  and  genesis  of  minerals  of. .  1206 

Germany,  Freiberg 660 

Germany,  Schwartzenberg 630 

Hydrolysis  of  salts  of,  in  presence  of  iodides  and  iodates 1637 
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Zinc— Continued.  ^^'''Sf* 

Number 

IngallB,  Argall,  and  Garde  on  zinc  resources  of  British  Columbia, 

and  their  exploitation 229 

Ireland    602 

Kinahan  on  in  Ireland 602 

Metallurgy  of 1204,  1549 

Moody  on  hydroljrsis  of  salts  of»  in  presence  of  iodides  and  iodates. .  lo^' 

Moore  on  occurrence  with  tin  in  killas  of  St.  Pauls  Plains,  Tasmania.  1114 

Origin  of  minerals  of 1206 

Perret  on  metallurgy  of 1549 

Pilz  on  deposits  in  Cartagena,  Spain 1040 

Recorery  from  scrap  tin 1584 

Richter  on  characteristics  and  working,  and  on  relations  with  tin 

and    lead 1356 

Saxony,    Freiberg 560 

Slater  on  alloys  of  zinc,  tin,  and  lead 1570 

Spain,   Cartagena l 1040 

Sulphides  of  associated  with  tin  in  Bolivia 155 

Tasmania 1114 

United    States 1206 

Wirtz  on  recovery  from  scrap  tin 1584 

Wright  on  alloys  of  lead,  tin,  and  zinc  and  bismuth,  zinc,  and  tin . . .  1587 

Zinc-blende,  Miller  and  Richter  on  tin  in  at  Freiberg,  Germany 560 

See  Association  of  tin  with.  * 

Zinc  sulphides,  see  Association  of  tin  with. 

Zinnwald,  see  Saxony. 

Zinnwaldite,  see  Association  of  tin  with. 

Zircon,  see  Association  of  tin  with. 

Zirkel,  Ferdinand 490 

Zoutpansberg,  see  Transvaal. 

Zwartkloof,  see  Transvaal. 


